Buoyant Venus station mission feasibility study for 1972 and 1973 launch opportunities. Volume 1 - Mission summary definition and comparison  Final report by Baxter, J. F. et al.
NASA CR-66725-1 
FINAL REPORT 
BUOYANT VENUS STATION MISSION FEASIBILITY STUDY 
FOR 1972 AND 1973 LAUNCH OPPORTUNITIES 
VOLUME I - MISSION SUMMARY DEFINITION AND COMPARISON 
John F .  Baxter, Ronald E .  Frank, 
John N .  F r o i s t a d ,  and Gene R .  Cody 
D i s t r i b u t i o n  o f  t h i s  r e p o r t  i s  provided 
i n  t h e  i n t e r e s t  of i n fo rma t ion  exchange. 
R e s p o n s i b i l i t y  f o r  t h e  c o n t e n t s  r e s i d e s  
i n  t h e  a u t h o r  o r  o r g a n i z a t i o n  t h a t  p re -  
pared i t .  
Submitted by: 
Approved by: 
Program D i r e c t o r ,  
Venus and D’eep Space Programs 
Prepared under C o n t r a c t  NAS1-7590 by 
MARTIN MARIETTA CORPORATION 
Denver, Colorado 80201 
f o r  
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
https://ntrs.nasa.gov/search.jsp?R=19690006258 2020-03-12T08:22:47+00:00Z
FOREWORD 
The use  o f  a buoyant s t a t i o n  -- b a l l o o n  supported in s t rumen t  
package -- t o  e x p l o r e  i n  t h e  atmosphere o f  Venus was cons ide red  
i n  a p rev ious  s t u d y  and t h e  r e s u l t s  were p r e s e n t e d  i n  NASA CR- 
66404.J~ The concept  pe rmi t s  t h e  i n s t r u m e n t s  t o  be supported i n  
t h e  atmosphere i n  a moderate environment w i t h  t h e  a d d i t i o n a l  ad-  
van tages  of long d u r a t i o n  i n  t h e  atmosphere and m o b i l i t y  ove r  
t h e  s u r f a c e  -- dependent on t h e  e x i s t i n g  wind p a t t e r n s .  From 
such a s t a t i o n  measurements r e l a t i n g  bo th  t o  t h e  atmopshere and 
t h e  s u r f a c e  can be made, t h e  l a t t e r  e i t h e r  i n d i r e c t l y  o r  by 
sondes dropped t o  t h e  s u r f a c e  from t h e  p a r e n t  s t a t i o n .  Because 
t h e  problems o f  s u r v i v i n g  and o p e r a t i n g  i n  t h e  extremes o f  t h e  
lower a l t i t u d e  environments a r e  l o c a l i z e d  i n  t h e  r e l a t i v e l y  s m a l l  
sondes o r  probes,  c o n s i d e r a b l y  more leeway i s  p o s s i b l e  i n  t h e  de- 
s i g n  of t h e  i n s t r u m e n t a t i o n  as  w e l l  as  t h e  o t h e r  suppor t ing  equip-  
ment. 
The p r e s e n t  s tudy  expands t h e  work r e p o r t e d  i n  NASA CR-66404 
t o  c o n s i d e r  t h e  f e a s i b i l i t y  o f  t h e  buoyant s t a t i o n  concept  w i t h  
t h e  c o n s t r a i n t s  and r equ i r emen t s  t h a t  would be imposed by a vari- 
ety of complete missions, i.e., orbital, flyby and swingby missiogs. 
T h i s  f i n a l  r e p o r t  on the  Buoyant Venus S t a t i o n  Mission F e a s i -  
b i l i t y  Study f o r  1972-1973 Launch O p p o r t u n i t i e s  i s  submit ted by 
t h e  Mar t in  M a r i e t t a  Corpora t ion ,  Denver D i v i s i o n ,  i n  accordance 
w i t h  C o n t r a c t  NAS1-7590. 
T h i s  r e p o r t  i s  submit ted i n  t h r e e  volumes a s  fo l lows :  
Volume I - Mission Summary D e f i n i t i o n  and Comparison; 
Volume I1 - T r a j e c t o r y  A n a l y s i s  f o r  1972 and 1973 M i s -  
s i o n s ;  
Volume I11 - C o n f i g u r a t i o n  D e f i n i t i o n .  
The purpose o f  t h i s  f i r s t  volume i s  t o  p rov ide  a b r i e f  sum- 
mary of t h e  mis s ions  cons ide red  and t h e  d e s i g n  concep t s  i nvo lved .  
For f u r t h e r  i n f o r m a t i o n  t h e  r e a d e r  i s  r e f e r r e d  t o  Volumes I1 and 
111. 
;kJ. F. Baxter :  F i n a l  Repor t ,  Buoyant Venus S t a t i o n  F e a s i -  
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BUOYANT VENUS STATION MISSION FEASIBILITY STUDY 
FOR 1972 AND 1973 LAUNCH OPPORTUNITIES 
VOLUME I - MISSION SUMMARY DEFINITION AND COMPARISON 
by John F. B a x t e r ,  Ronald E .  Frank, John F. F r o i s t a d ,  and 
Gene R. Cody 
Mar t in  Marietta Corpora t ion  
SUMMARY -. - 
Three mis s ion  modes and launch o p p o r t u n i t i e s  i n  which the  
buoyant s t a t i o n  can be employed a r e  cons idered:  
1) A 1972 miss ion  w i t h  a f l y b y  s p a c e c r a f t ;  
2 )  A 1973 mis s ion  w i t h  a n  o r b i t e r  s p a c e c r a f t ;  
3 )  A 1 9 7 3  miss ion  i n  conjunct ion  w i t h  a Mercury/Venus 
swingby o p p o r t u n i t y .  
The buoyant s t a t i o n  concept i s  found n o t  t o  be h i g h l y  s e n s i -  
t i v e  t o  t h e  miss ion  mode s e l e c t e d .  With minor d i f f e r e n c e s ,  a 
s t a t i o n  ( f i g ,  1) weighing approximately 400 l b  a t  deployment 
( f l o a t i n g  a 175-lb gondola/ instrument  package) i s  a p p r o p r i a t e  
f o r  each of t h e  miss ions  c o n s i d e r e d .  
ACCOMPLISHMENT OF SCIENCE OBJECTIVES 
The unique f e a t u r e s  of a BVS (Buoyant Venus S t a t i o n )  miss ion  
are g iven  i n  t a b l e  1. These a t t r i b u t e s  are g e n e r a l l y  not  ach ievab le  
by o t h e r  a v a i l a b l e  means of i n  s i t u  e x p l o r a t i o n  and a r e  p a r t i c u l a r l y  
worthy of c o n s i d e r a t i o n  i n  l i g h t  of t h e  Russ ian  success  w i t h  a probe 



























r l m  






















































TABLE 1.- UNIQUE BVS FEATURES 
Environment 
Design and packaging r e s t r a i n t s  (h igh  tempera ture  and p r e s s u r e )  
a r e  l o c a l i z e d  t o  smal l  sondes and probes.  
A b i l i t y  t o  d e a l  wi th  t i m e  v a r i a b l e  phenomena 
Command PO s s i b i  1 i t  i e  s 
Mob i 1 i t y  
Winds 
M u l t i p l e  probes t o  s u r f a c e  
I A b i l i t y  t o  d e a l  wi th  phenomena t h a t  v a r y  w i t h  l o r a t i o n  
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I n  g e n e r a l ,  t h e  BVS concept  h a s  t h e  fo l lowing  unique capa- 
b i l i t i e s :  
- 
1) Temperate and wel l -def ined  environment.  The Mar iner  
V and Venera I V  mi s s ions  have shown t h a t  t h e  condi -  
t i o n s  nea r  t h e  BVS f l o a t a t i o n  a l t i t u d e  approximate 
those  of E a r t h .  
d e s i g n i n g  probes o r  l ande r s  f o r  s u r v i v a l  i n  t h e  ex -  
treme n e a r - s u r f a c e  environment a r e  l o c a l i z e d  i n  small 
sondes ; 
A c o r o l l a r y  is t h a t  the problems of 
2 )  Mob i l i t y  and m u l t i l o c a t i o n  sounding t o  t h e  s u r f a c e  
g i v i n g  s p a t i a l  v a r i a t i o n s  of phenomena; 
Long l i f e  a l lowing  i n v e s t i g a t i o n  of t ime-dependent 
phenomena and experiment  format  a d a p t a b i l i t y ;  
3 )  
4 )  Explo ra to ry  n a t u r e .  The BVS i s  d r i v e n  by t h e  winds 
t o  and from t h e  r eg ions  of  m e t e r o l o g i c a l  a c t i v i t y .  
The l i k e l i h o o d  of  new phenomena be ing  d i scove red  i s  
enormously enhanced. 
Gene ra l ly ,  measurements t h a t  can  be made by an e n t r y  probe 
(o r  probes)  can be made a s  w e l l  and o f t e n  b e t t e r  u s ing  a Buoyant 
Venus S t a t i o n  (BVS) w i t h  s e v e r a l  small sondes.  I n  a d d i t i o n ,  many 
o b j e c t i v e s  can be  accomplished only through t h e  use of  a BVS wi th  
drop  sondes because t h e  i n v e s t i g a t i o n  of temporal  o r  s p a t i a l  v a r i a -  
t i o n s  r e q u i r e s  t h e  BVS concep t .  The s p e c i f i c  experiments  o r  ob- 
j e c t i v e s  t h a t  can be  s a ; i s f a c t o r i l y  accomplished only  through t h e  
use  of a BVS w i t h  drop  sondes inc lude :  
1) General  c i r c u l a t i o n  p a t t e r n ,  winds ,  t u rbu lence ,  
s p a t i a l  and temporal v a r i a t i o n s ;  
2 )  B i o l o g i c a l  exper iments .  These t y p i c a l l y  r e q u i r e  long 
t i m e s  (-50 t o  100 h r )  and a temperate  environment f o r  
c o l l e c t i o n ,  growth, and a n a l y s i s ;  
Cloud phys ic s  and chemis t ry  i n c l u d i n g  h o r i z o n t a l  and 
v e r t i c a l  s t r u c t u r e  and v a r i a t i o n s ,  p a r t i c l e  s i z e ,  
c o n c e n t r a t i o n ,  composi t ion ,  e t c . ,  breaks, v a r i a t i o n s  
w i t h  l o c a t i o n ,  and d e t a i l e d  composi t iona l  a n a l y s i s ;  
( e . g .  , H 2 0 ,  v o l c a n i c  emiss ions ,  o r g a n i c  compounds , 
d u s t ,  e t c . )  and c o r r e l a t i o n  w i t h  o t h e r  phenomena; 
3 )  
4 )  Trace and t ime-va r i ab le  a tmospher ic  c o n s t i t u e n t s  
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5) V a r i a t i o n s  of r a d i a t i o n  f l u x  ( v i s i b l e  and i n f r a r e d )  
w i t h  z e n i t h  a n g l e ,  a l t i t u d e ,  cloud cove r ,  and cor-  
r e l a t i o n  w i t h  o t h e r  phenomena (e.g., winds, s u r f a c e  
tempera ture)  ; 
6) High r e s o l u t i o n  imaging ( v i s i b l e ,  p a s s i v e ,  o r  a c t i v e  
microwave) of  s u r f a c e  f e a t u r e s  and topography a t  many 
p o i n t s .  
From t h e  v iewpoin t  of  accompl ish ing  s c i e n c e  o b j e c t i v e s ,  t h e  
BVS miss ions  d i f f e r  p r i m a r i l y  i n  e n t r y  l o c a t i o n s  and p r e d i c a t e d  
d r i f t  of  t h e  BVS i n  t h e  atmosphere. I n  t h i s  r e g a r d ,  t h e  o r b i t e r  
miss ion  is most a t t r a c t i v e  i n  p e r m i t t i n g  t h e  BVS t o  approach t h e  
p o l a r  area. 
SCHEDULE AND COST 
A p r e l i m i n a r y  program p l a n  f o r  t h e  des igna ted  mis s ions ,  i n -  
c l u d i n g  development program p l a n s  f o r  t h e  h e a t  s h i e l d  and t h e  
f l o t a t i o n  system, is p resen ted .  Cost and schedule  d a t a  are pro- 
vided f o r  each  mis s ion  and f o r  t h e  development i t e m s .  
From a common s t a r t i n g  p o i n t  (September 1969), t h e  1973 
o r b i t e r  and Venus/Mercury miss ions  a l low 50 months t o  launch,  
wh i l e  t h e  1972 f l y b y  a l l o w s  31 months t o  launch. N o  development 
i t e m s  have been i d e n t i f i e d  t h a t  p rec lude  any of t h e s e  schedu les ;  
however, t h e  s h o r t  time span a v a i l a b l e  f o r  t h e  1972 o p p o r t u n i t y  
s u g g e s t s  t h e  i m p r a c t i c a l i t y  of implementing t h e  1972 f l y b y  m i s -  
s i o n .  The re fo re ,  on ly  a schedu le  has  been prepared  f o r  t h i s  
miss ion .  
The v a r i a t i o n  i n  c o s t  f o r  t h e  t h r e e  mis s ions  i s  approximate ly  
10% from t h e  l e a s t  c o s t  mi s s ion  t o  t h e  h i g h e s t  c o s t  miss ion .  
t o t a l  c o s t  comparison of t h e s e  t h r e e  mis s ions  i s  g iven  i n  t a b l e  
2. 
The 
The major i tems of development are i d e n t i f i e d  f o r  a l l  mis s ions  
as : 
1) Heat s h i e l d  development; 
2) F l o t a t i o n  sys tem development. 
The d a t a  genera ted  f o r  t h i s  s t u d y  i n d i c a t e  t h a t  a 1973 m i s -  
s i o n  is f e a s i b l e  w i t h  major funding  n o t  s t a r t i n g  (Phase C s tudy)  
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TABLE 2. - TOTAL PROGRAM COST 
Cost.  FY68 dollars 
1973 orbital 
























The objective of the study was to investigate the feasibility 
of several specific Venus exploration missions using the buoyant 
station concept; the feasibility was investigated by performing 
trajectory analyses (interplanetary, orbital, flyby approach, and 
atmospheric entry), by defining modifications to specified space- 
craft, and by defining configurations for the buoyant station/ 
entry system. The final steps of the study consisted of comparing 
the specified missions including preparation of preliminary cost 
and schedule information. 
The technical guidelines to which the study was performed are 
as follows: 
1) The missions to be investigated and compared are, 
a) 1972 flyby mission, 
b) 1973 orbiter mission, 
c) 1973 Mercury/Venus swingby; 
as candidate launch vehicles; 
2) The SLV 3C/Centaur and Titan IIIC shall be considered 
3) Interplanetary trajectory parameters as defined in 
JPL TM 33-334, TM 33-342, and TM 32-1062 shall be 
used; 
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Venus atmospheres as d e f i n e d  i n  NASA SP-3016; 
A complete DSIF network s h a l l  be  assumed t o  be 
a v a i l a b l e  ; 
The Mariner  1969 as d e f i n e d  i n  Mariner  Mars 1969 
Func t iona l  Requirements s h a l l  be used f o r  t h e  f lyby  
mis s ion  spacecraft; 
The modi f ied  Boeing luna r  o r b i t e r ,  as d e f i n e d  i n  NASA 
CR-66302, s h a l l  be used f o r  t h e  o r b i t a l  miss ion  space- 
c r a f t ;  
The MercuryIVenus s p a c e c r a f t  s h a l l  be a s  d e f i n e d  i n  
JPL document 760-1; 
The s p a c e c r a f t  w i l l  n o t  be s t e r i l e ;  
The s p a c e c r a f t  may s e r v e  as r e l a y  s t a t i o n  f o r  d a t a  
t r ansmiss ion ;  
The minimum weight  BVS ( i n v e s t i g a t e d  under C o n t r a c t  
NAS1-6607, r e f .  1) s h a l l  be used as t h e  b a s e l i n e  
s t a t i o n  c o n f i g u r a t i o n ;  
The e n t r y  system s h a l l  p rovide  c o n d i t i o n s  compat ib le  
w i t h  BVS deployment requi rements ;  
The e x t e r n a l  shape of t h e  e n t r y  system capsu le  s h a l l  
be a l a r g e  ang le  b lun ted  cone; 
S t e r i l i z a t i o n  requi rements  a s  d e f i n e d  i n  J P L  Spec i -  
f i c a t i o n  no. XSO-30275-TST-AJ and GMO 50198ETS-A s h a l l  
be used .  
The above t e c h n i c a l  g u i d e l i n e s  permi t ted  t h e  buoyant s t a t i o n  
concept  t o  be cons ide red  w i t h i n  t h e  framework mis s ion  of s p e c i f i c  
modes and o p p o r t u n i t i e s .  The v a l u e  of  such an  approach ,  a s i d e  
from extending  t h e  unders tanding  of t h e  buoyant s t a t i o n  f e a s i b i l i t y  
and f u r t h e r  d e l i n e a t i n g  the  problem a r e a s ,  was t o  a s s e s s  t h e  m i s -  
s i o n  modes t h a t  b e s t  complement, and a r e  complemented by ,  t h e  
buoyant s t a t i o n .  
Seve ra l  o f  t h e  l i s t e d  g u i d e l i n e s  were modif ied e a r l y  i n  t h e  
s tudy  -- p r i m a r i l y  on t h e  b a s i s  of t h e  b e t t e r  unders tanding  of 
Venus, which r e s u l t e d  from t h e  Venus Mariner  and t h e  Russian m i s -  
s i o n s  i n  1967. 
The concept  of u s ing  t h e  minimum weight  BVS developed under 
C o n t r a c t  NAS1-6607 was d i s c a r d e d  on t h e  grounds t h a t  t h e  20- lb  
s c i e n c e  complement w a s  no longer  r easonab le  i n  t h e  l i g h t  of t h e  
Russian and Mariner s u c c e s s e s ,  which made a l a r g e r  payload more 
a p p r o p r i a t e  f o r  c o n s i d e r a t i o n .  The b a s e l i n e  s c i e n c e  payload was 
inc reased  t o  58 l b .  
8 
The SLV 3C Centaur  was d e l e t e d  from f u r t h e r  c o n s i d e r a t i o n  
e a r l y  i n  t h e  s tudy  because  i t  seve re ly  l i m i t e d  t h e  s i z e  of t h e  
BVS under c o n s i d e r a t i o n  -- p a r t i c u l a r l y  f o r  t h e  o r b i t e r  mi s s ions .  
The a tmospher ic  models of NASA SP-3016 were n o t  used f o r  t h e  
r eason  t h a t  b e t t e r  d a t a  were a v a i l a b l e  and could  be a p p l i e d  w i t h  
r easonab le  a s su rance  of t h e i r  v a l i d i t y  ( s e e  appendix A of vol. 
111) .  
F i n a l l y ,  a l though  n o t  s p e c i f i e d  i n  t h e  g u i d e l i n e s ,  i t  w a s  
dec ided  t o  f l o a t  t h e  buoyant s t a t i o n  w i t h i n  ( r a t h e r  t han  above) 
t h e  c louds  on t h e  b a s i s  t h a t  t he  s c i e n t i f i c  v a l u e  of t h e  miss ion  
would be s i g n i f i c a n t l y  i n c r e a s e d .  Also cons ide red ,  was a d u a l -  
a l t i t u d e  mis s ion  performed i n i t i a l l y  above t h e  c louds  w i t h  a 
second phase of  d e s c e n t  and f l o t a t i o n  a t  lower a l t i t u d e s  (see 
appendix E of v o l  111). 
A t  t h e  end of t h e  second month of t h e  s t u d y ,  t h e  recommenda- 
t i o n  was made t o  i d e n t i f y  t h e  en t ry - f rom-orb i t  concept  and t h e  
f l y b y  mis s ion  w i t h  d i rec t - to-ear th-communica t ion  a s  t h e  approved 
c o n f i g u r a t i o n s  f o r  t h e  o r b i t a l  and f lyby  modes, r e s p e c t i v e l y ,  and 
t o  c o n c e n t r a t e  t h e  remaining d e s i g n  e f f o r t  on these  c o n f i g u r a t i o n s .  
The VenusIMercury miss ion  was added i n  t h e  seventh  month as was 
t h e  d u a l - a l t i t u d e  concept .  
This  volume of t h e  f i n a l  r e p o r t  summarizes t h e  approved m i s -  
s i o n  c o n f i g u r a t i o n s  t o  p e r m i t  a comparison t o  be made between 
t h e  mis s ion  modes and o p p o r t u n i t i e s  under c o n s i d e r a t i o n .  I n -  
c luded i n  t h i s  volume i s  a p re l imina ry  p l an  ( c o s t  and schedule)  
f o r  each mis s ion  and an  i d e n t i f i c a t i o n  o f  mandatory o r  d e s i r a b l e  
technology e f f o r t  r e l a t e d  t o  t h e  BVS concept .  
The appendix t o  t h i s  volume, Buoyant Venus S t a t i o n  Test  P ro -  
gram, was prepared  by Dale E .  White. 
Volume 11, T r a j e c t o r y  Ana lys i s  f o r  1 9 7 2  and 1973 Miss ion ,  
p r e s e n t s  t h e  mis s ion  ana lyses  performed f o r  t h e  t h r e e  mis s ions .  
For each mis s ion ,  a b a s e l i n e  i s  d e f i n e d ,  i n c l u d i n g  i n t e r p l a n e t a r y  
t r a j e c t o i i e s ,  o r b i t a l  parameters ,  and f l y b y ,  approach,  and atmos- 
p h e r i c  e n t r y  t r a j e c t o r i e s .  
Volume 111, Conf igu ra t ion  D e f i n i t i o n ,  d e f i n e s  and documents 
t h e  approved c o n f i g u r a t i o n  f o r  each mis s ion .  Inc luded  are t h e  























A i r  Force E a s t e r n  Tes t  Range 
b i t s  p e r  second 
Buoyant Venus S t a t i o n  
Deep Space Ins t rumen ta t ion  F a c i l i t y  
Deep Space Network 
eng inee r ing  test model 
i n f r a r e d  
Na t iona l  Cen te r  f o r  Atmospheric Research 
o p e r a t i o n a l  suppor t  equipment 
payload 
proof t es t  model 
s p a c e c r a f t  
suppor t ing  r e s e a r c h  and technology 
Space Sc ience  Board 
system t e s t  complex 
thermal c o n t r o l  t e s t  model 
t e l e v i s i o n  
o r b i t  e c c e n t r i c i t y  
c a p s u l e  e n t r y  f l i g h t  p a t h  a n g l e ,  deg 
d e n s i t y  g l c c  
Sun 
E a r t h  
Venus 
Me f c u r  y 
10 
capsule ba l l i s t i c  coefficient,  slugs/ft2 
capsule entry velocity,  f t /sec 
BE 
YE 
vHE hyperbolic excess velocbty, km/sec 
c3 earth departure energy, km2/sec2 
P pressure, mb 
MISSION SUMMARY 
Three mis s ions ,  which inc lude  o p e r a t i n g  w i t h  e i t h e r  o r b i t i n g  
o r  f l y b y  s p a c e c r a f t  and bo th  r e l a y  and d i r e c t - t o - E a r t h  communica- 
t i o n s ,  a r e  summarized i n  f i g u r e  3 .  From e n t r y  through f l o t a t i o n  
of  t h e  BVS, t h e  mis s ions  a r e  g e n e r a l l y  s imilar ,  as i l l u s t r a t e d  
i n  f i g u r e  4 ,  which shows t h e  e n t r y  phase,  t h e  s e p a r a t i o n  and 
d e s c e n t  t o  t h e  s u r f a c e  of t h e  subsonic  probe ,  t h e  BVS deployment 
and i n f l a t i o n ,  and ,  f i n a l l y ,  t h e  r e l e a s e  of t h e  drop sondes .  
The model atmosphere f o r  t h e  mis s ion  i s  d e p i c t e d  i n  f i g u r e  
5 ,  which r e s u l t s  i n  t h e  e n t r y  d e c e l e r a t i o n s  of f i g u r e  6 and t h e  
aerodynamic h e a t i n g  of f i g u r e  7 .  A s  i n d i c a t e d ,  t h e  b a l l o o n  d e -  
ployment, i n f l a t i o n ,  and f l o t a t i o n  are  accomplished under ve ry  
moderate environmental  c o n d i t i o n s .  The experiment  complement f o r  
the baseline BVS i s  l i s t e d  i n  table 3. 
The e n t r y  t a r g e t i n g  f o r  t h e  t h r e e  mis s ions  i s  d e s c r i b e d  i n  
f i g u r e s  8 t h r u  10,  which i l l u s t r a t e  t h e  c o n s t r a i n t s  around which 
they  were developed .  The a n t i c i p a t e d  p a t h  t h a t  t h e  BVS w i l l  t a k e  
under t h e  i n f l u e n c e  of  t h e  winds i s  d e s c r i b e d  i n  f i g u r e s  11 t h r u  
13 .  The 1972 f l y b y  mis s ion  and t h e  1973 Mercury/Venus swingby 
e n t e r  t h e  atmosphere and remain i n  view of  e a r t h  f o r  a d i r e c t -  
Ea r th  communication l i n k .  For t h e  mis s ion  w i t h  o r b i t e r ,  t h e  BVS 
remains nea r  t h e  p l ane  of  o r b i t  f o r  r e l a y  communications.  The 
o r b i t  p lane  Fs r e s t r i c t e d  by "50-year l i f e t i m e "  c o n s t r a i n t s  t o  
' a r e l a t i v e l y  narrow band. 
The f e a s i b i l i t y  of  t h e  m i s s i o n s ,  from t h e  s t a n d p o i n t  o f  pay- 
load c a p a b i l i t y  and t h e  we igh t  a l l o c a t i o n ,  i s  i n d i c a t e d  i n  f i g u r e s  
14 t h r u  16. The mis s ion  margins  a v a i l a b l e  are shown i n  each case. 
Table  4 compares t h e  major c h a r a c t e r i s t i c s  of t h e  mis s ion ,  t h e  
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Figure 7.-  Entry Aerodynamic Heating 
16 
TABLE 3. - ILLUSTRATIVE BVS EXPERIMENT COMPLEMENT 
Experiment 
I ' r i a x i a l  Accelerometer  
P r e s s u r e  senso r s  
Temperature s e n s o r s  
H 2 0  s enso r  
L igh t  b a c k s c a t t e r  
S o l a r  a s p e c t  a n g l e s  
Vi sua l  photometers  
Mass spec t romete r  (MS) 
Gas chromatograph (GC) 
Aerosol  c o l l e c t o r  
Radar A l t i m e t e r  
B io l ab  
Drop sondes ( 2  (3 5 l b )  
T o t a l  Weight 
Weight, l b  
1.5 
1 .o 













O b j e c t i v e s  
Wind, t u rbu lence  
Atmosphere s t r u c t u r e  
Atmosphere s t r u c t u r e  
Water vapor  i n  atmosphere 
Cloud p a r t i c l e  p r o p e r t i e s  
Sun p o s i t i o n ,  l o c a t i o n  of  BVS 
R a d i a t i o n  environment ,  c loud  
p r o p e r t i e s ,  h e a t  f l u x  
Atmospheric and c loud  compo- 
s i t i o n  
Atmospheric and c loud  compo- 
s i t i o n  
C o l l e c t  samples f o r  MS, GC, 
l i f e  experiment  
A l t i t u d e  r e f e r e n c e ,  BVS 
v e l o c i t y ,  topography, s u r f a c e  
pro p e r t  i e  s 
Search  f o r  l i f e  i n  c louds  
P ,  T, H20 ,  o r  r a d i a t i o n  f l u x  










F i g u r e  10.- E n t r y  Vehic le  Ta rge t ing ,  
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The p l a n e t a r y  v e h i c l e ,  c o n s i s t i n g  of t h e  s p a c e c r a f t ,  e i t h e r  
o r b i t e r  o r  f l y b y ,  and t h e  BVS/entry v e h i c l e  system i s  shown i n  a 
1 0 - f t  d iameter  b o o s t e r  shroud i n  f i g u r e  1 7 .  The 8 . 5 - f t  d iameter  
e n t r y  v e h i c l e  i s  encapsula ted  i n  a b i o l o g i c a l  c a n i s t e r  t h a t  i s  
i n t e g r a l  w i t h  t h e  S I C  a d a p t e r .  The s e p a r a t i o n  p lanes  and concept  
€o r  p rov id ing  each s e p a r a t i o n  are shown. 
An exploded view of t h e  BVS/entry v e h i c l e  system i s  shown i n  
f i g u r e  18. The subsonic  probe i s  suppor ted  from t h e  i n f l a t i o n  
module t h a t  a l s o  suppor t s  t h e  BVS gondola .  The a f t e rbody  para- 
chu te ,  a 1 0 - f t  d iameter  f l a t  t ype ,  which i s  deployed a t  a Mach 
number of  0.5 w i t h  a mor t a r ,  i s  stowed above t h e  ba l loon  c a n i s t e r .  
The BVS main pa rachu te ,  which i s  deployed by t h e  a f t e rbody  through 
a b r e a k - t i e ,  i s  a 3 2 - f t  d i a m e t e r ,  d i sc -gap  band d e s i g n ,  stowed 
c o n c e n t r i c a l l y  about  t h e  a f t e r b o d y  parachute .  Th i s  parachute  
produces a t e rmina l  c o n d i t i o n  of 1 .0  l b / f t 2  dynamic p r e s s u r e  i n  
which t h e  b a l l o o n  i s  i n f l a t e d .  
An a f t e rbody  h e a t  s h i e l d  i s  r equ i r ed  f o r  Venus e n t r y  f o r  a l l  
t h r e e  mis s ions .  A 0 .24- in .  t h i c k  l i g h t w e i g h t  e l a s tome te r  p r o t e c t s  
t h e  BVS. This  a f t e rbody  must i n c o r p o r a t e  a radome over t h e  BVS 
an tenna  . 
The 58- lb  s c i e n c e  payload i s  mounted on the  lower s h e l f  o f  
t h e  gondola as shown i n  f i g u r e  19. The upper s h e l f  c o n t a i n s  t h e  
te lecommunicat ions and power subsystems as shown i n  f i g u r e  20 .  
The s o l a r  a r r a y ,  i f  used ,  i s  mounted around t h e  o u t e r  s u r f a c e  of 
t h e  gondola .  
The communication l i n k s  between t h e  s p a c e c r a f t ,  BVS, and sub-  
s o n i c  probe f o r  s e p a r a t i o n ,  e n t r y ,  and deployment phases of t h e  
f l y b y  and o r b i t a l  miss ions  a r e  shown i n  f i g u r e  2 1 .  The f l o t a t i o n  
phase f o r  t h e s e  two miss ions  are shown i n  f i g u r e s  2 2  and 23. The 
Venus/Mercury mis s ion ,  a l l  d i r e c t  l i n k ,  i s  shown i n  f i g u r e  24. 
BVS power i s  supp l i ed  by s i l v e r - z i n c  b a t t e r i e s  provid ing  a 
minimum of  50 h r  of  mis s ion  l i f e .  The o r b i t a l  mi s s ion  a l s o  
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The subson ic  probe and two 5 - l b  drop sondes are  shown i n  
f i g u r e  25. The s c i e n c e  complement of experiments  f o r  t h e  sub -  
s o n i c  probe i s  l i s t e d  i n  t a b l e  6 .  
The b a l l o o n  assembly f o r  t h e  400-lb s t a t i o n  i s  a n  1 8 - f t  
d i ame te r ,  supe rp res su re  concept  as shown i n  f i g u r e  26. The d i f -  
f u s e r  t ube  assembly reduces  t h e  gas  k i n e t i c  energy d u r i n g  i n f l a -  
t i o n  and c a r r i e s  t h e  load of  t h e  gondola  when t h e  b a l l o o n  i s  
e x t r a c t e d  from i t s  c a n i s t e r  d u r i n g  deployment w h i l e  t h e  b a l l o o n  
i s  suppor ted  from t h e  pa rachu te .  The a c t u a l  material  used f o r  
t h e  miss ion  may n o t  be  Mylar; however, a t  t h i s  d a t e  Mylar i s  t h e  
l ead ing  cand ida te .  One of t h e  major developments r e q u i r e d  f o r  
t h e  BVS i s  a b a l l o o n  material i n v e s t i g a t i o n  ( t e s t )  program. 
The i n f l a t i o n  subsystem i s  a s imple ,  blowdown ( i . e . ,  un re -  
g u l a t e d ) ,  t ype  w i t h  four  manifolded t anks  t r a n s p o r t i n g  ambient 
hydrogen gas  a t  4500 p s i a .  The subsystem i s  shown i n  f i g u r e  27 
w i t h  i t s  ordnance ope ra t ed  v a l v i n g  and tube  c u t t e r .  The tube  
c u t t e r  i s  r e q u i r e d  f o r  s t a g i n g  t h e  i n f l a t i o n  module from t h e  
gondola immediately a f t e r  gas  tank  d e p l e t i o n .  The tankage t r a n s -  
p o r t s  approximate ly  10% excess  g a s ,  which provides  t h e  necessa ry  
buoyancy f o r  minimizing s t a t i o n  a l t i t u d e  undershoot .  The excess  
gas  i s  va lved  o f f  as t h e  co ld  gas  i s  warmed by t h e  atmosphere.  
The c o r r e c t  b a l l o o n  s u p e r p r e s s u r e  i s  main ta ined  by a p r e s s u r e  
swi tch  and so leno id  v a l v e .  The fou r  t anks  are  of a g l a s s  f i l a m e n t  
wrapped, aluminum l i n e r  d e s i g n .  
The capsu le  p ropu l s ion  requi rements  f o r  t h e  mis s ions  are sum- 
marized i n  t a b l e  7 .  Mariner '69 monopropel lant  engine  and luna r  
o r b i t e r  b i p r o p e l l a n t  engine ,  bo th  q u a l i f i e d ,  can be  used f o r  t h e s e  
m i s s i o n s .  
F igure  28 p r e s e n t s  a d e t a i l e d  inboard  p r o f i l e  of t h e  BVS/entry 
v e h i c l e  f o r  t h e  o r b i t a l  and f l y b y  m i s s i o n s ,  The h e a t s h i e l d  i s  a p -  
p roximate ly  0 .35 - in .  t h i c k ,  l i g h t w e i g h t ,  carbon f i l l e d ,  e l a s t o m e r i c ,  
ESA5500(M). The a e r o s h e l l  s t r u c t u r e  i s  a r i n g  s t i f f e n e d  s h e l l  d e -  
s i g n  o f  aluminum. 
The Venus/Mercury m i s s i o n  BVS/entry v e h i c l e  i s  7.0 f t  i n  
d iameter  as shown i n  f i g u r e  29.  Th i s  mis s ion  h a s  a n  a tmospher ic  
e n t r y  v e l o c i t y  of 43  550 f p s  r e q u i r i n g  a h e a t  s h i e l d  of  carbon 
pheno l i c  va ry ing  i n  t h i c k n e s s  from 0.65 t o  0 .75 i n .  t h i c k .  Th i s  
mis s ion  a l s o  r e q u i r e d  an  a c t i v e  a t t i t u d e  c o n t r o l  system as opposed 
t o  t h e  s p i n  c o n t r o l  used f o r  t h e  f l y b y  and o r b i t a l  mi s s ions .  The 
attitude c o n t r o l  a l lows  t h e  capsu le  t o  be  p r o p e r l y  o r i e n t e d  f o r  
e n t r y  fo l lowing  t h e  impulse maneuver of  t h e  c a p s u l e .  
For f u r t h e r  d e t a i l ,  t h e  r e a d e r  i s  r e f e r r e d  t o  volume I11 of 
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TABLE 6 .  - ILLUSTRATIVE SUBSONIC PROBE 
EXPERIMENT CONPLEME NT 
Experiment Weight, lb 
Pressure sensors 1.7 
Temperature sensors 1.3 
Density sensor 
(@-source and detector) .9 
Light backscatter 3 .O 
Visual photometers 2 .o 
IR photometers 1.6 
Total insolation radiometer 1.0 
7.0 Mass spectrometer 
To ta 1 weight 18.5 
- 
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L i n e r  (see n o t e  2)  
D i f f u s e r  t u b e  a s s y  
Sphere assembly 





a Raven I n d u s t r i e s ,  Inc . ,  
des ign  drawing no. 07532. 
be s l a c k  w i t h  
b a l l o o n  i n f l a t e d  
S p l i c e a b l e  
/-dacron cord  
(18 f t  diam) \ 
Bond s k i r t  t o  
( s t a t i o n  10) 
sphe re  
F igu re  26.- Balloon Assembly a 
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T I n i t i a l  s t a r t  v a l v e  
ow c o n t r o l  n o z z l e  
Gondola i n t e r f a c e  
0 F i l t e r  A e r o s h e l l  
Legend: 
-t3 N.O. ordnance  v a l v e  
-0- N.C.  o rdnance  v a l v e  
8 Tube c u t t e r  
El P r e s s u r e  s w i t c h  
S t e r i l i z a t i o n  
c a n i s t e r  
F i l t e r  and o r i f i c e  
i s connec  t 
L 4 5 0 0  p s i a  
hydrogen 
(tYP) 
Schema t i c  
F i g u r e  27.- Ba l loon  I n f l a t i o n  Subsystem 
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2. Heat shield: 
Figure 29.- BVS Entry Vehicle Configuration (Venus/Mercury Mission) 
43 
ACCOMPLISHMENT OF SCIENCE O B J E C T I V E S  
The Space Sc ience  Board (SSB) of t h e  Na t iona l  Academy of  
Sc iences ,  N a t i o n a l  Research Counci l  has  pub l i shed  a r e p o r t  ( r e f -  
e r e n c e  2 )  i n  which e a r l i e r  recommendations f o r  p l a n e t a r y  explora-  
t i o n  are r e a p p r a i s e d  and new p r i o r i t i e s  and o b j e c t i v e s  set  f o r t h  
f o r  t h e  1968-1975 t i m e  pe r iod .  
The r e p o r t  se ts  f o r t h  t h e  fo l lowing  s p e c i f i c  o b j e c t i v e s  as 
be ing  of h i g h e s t  p r i o r i t y  f o r  Venus: 
1) I n  s i t u  e x p l o r a t i o n  of t h e  lower atmosphere and cloud 
l a y e r  w i t h  emphasis on t h e  p h y s i c a l  and dynamic prop- 
e r t i e s  of t h e  cloud cover ,  thermal  and dynamic char -  
a c t e r i s t i c s  of t h e  atmosphere a t  a number of  l o c a -  
t i o n s ,  t h e  r a d i a t i o n  environment ,  and t h e  chemical  
composi t ion of t h e  atmosphere;  
2)  An e x p l o r a t o r y  mapping from o r b i t  of p o r t i o n s  of t h e  
s u r f a c e  -- 1-km r e s o l u t i o n  f o r  r a d a r  imaging, 100-km 
r e s o l u t i o n  f o r  thermal  emiss ion  mapping; 
3 )  Determina t ion  of v a r i a t i o n s  i n  t h e  g r a v i t a t i o n a l  f i e l d  
from o r b i t  p e r t u r b a t i o n s ;  
4 )  P r e c i s e  d e f i n i t i o n  of t h e  e f f e c t s  of  s o l a r  wind sweep- 
i n g  on t h e  h igh  atmosphere,  s y n o p t i c  s tudy  of  t h e  
near-Venus environment ,  and  i n v e s t i g a t i o n  of t h e  
format ion  of t h e  ionosphere .  
Th i s  o r d e r i n g  i s  i n  g e n e r a l  agreement w i t h  t h e  assignment  of 
p r i o r i t i e s  t h a t  ( p r e d a t i n g  r e f .  1) were made i n  t h i s  s tudy:  
1) Group I, h i g h e s t  p r i o r i t y ,  
a )  Determina t ion  of t h e  s u r f a c e  r a d i u s  by d i r e c t  
measurement of s u r f a c e  t empera tu re  and  p r e s s u r e ,  
b) Thermal mapping of l a r g e  p o r t i o n s  of s u r f a c e ,  
p a r t i c u l a r l y  nea r  p o l e s ,  s u b s o l a r  p o i n t ,  
c) Cloud composi t ion ,  h o r i z o n t a l  and v e r t i c a l  s t r u c -  
t u r e  , 
d) Genera l  a tmospher ic  c i r c u l a t i o n  p a t t e r n ,  wind 
v e l o c i t i e s  , 
e) I d e n t i f y  o t h e r  major a tmospher ic  c o n s t i t u e n t s ,  
f )  I n t e n s i t y  of v i s i b l e  and  i n f r a r e d  r a d i a t i o n  a t  
s u r f a c e  and v a r i a t i o n  w i t h  a l t i t u d e ;  
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2)  Group 11, medium p r i o r i t y ,  
a) D e t a i l e d  a tmospher ic  and c loud  composi t ion ,  t r a c e  
c o n s t i t u e n t s ,  p h y s i c a l  p r o p e r t i e s  of c loud  p a r -  
t i c l e s ,  a n a l y s i s  f o r  o r g a n i c  o r  l i f e - r e l a t e d  com- 
pounds, v a r i a t i o n s  w i t h  a l t i t u d e ,  
b) Loca l  winds,  v e l o c i t i e s ,  t u r b u l e n c e ,  and s h e a r s ,  
c) Incoming and outgoing  r a d i a t i o n  f l u x e s  (uv t o  I R )  
a s  f u n c t i o n s  of wavelength and z e n i t h  a n g l e  from 
above c louds  t o  s u r f a c e ,  
d) Refinement of mean r a d i u s ,  mass, r o t a t i o n  r a t e ,  
and d i r e c t i o n ,  
e) Remote i n v e s t i g a t i o n  of g e n e r a l  s u r f a c e  proper -  
t i e s  , topography, g r o s s  s u r f a c e  composi t ion ,  
d e n s i t y ,  e t c . ,  
munication) ; 
3 )  Group 111, low p r i o r i t y ,  
f )  General  i onosphe r i c  s t r u c t u r e  ( a s  it a f f e c t s  com- 
General body c h a r a c t e r i s t i c s ,  d i f f e r e n t i a t i o n  
i n t o  c o r e ,  man t l e ,  and c r u s t ,  moments of i n e r t i a ,  
s e i s m i c ,  t e c t o n i c ,  and /o r  v o l c a n i c  a c t i v i t y ,  
P h y s i c a l  and chemical composition of s u r f a c e ,  
topography, minerology, and s u r f a c e  s t r u c t u r e ,  
I s o t o p i c  abundances and d i s t r i b u t i o n s  of r a d i o -  
g e n i c  e lements  i n  atmosphere,  s u r f a c e ,  and sub- 
s u r f a c e  materials,  
Magnetic f i e l d  ( i f  a n y ) ,  s t r e n g t h ,  o r i e n t a t i o n ,  
m u l t i p o l a r i t y ,  r e l a t i o n  t o  s u r f a c e  and /o r  body 
c h a r a c t e r i s t i c s ,  i n t e r a c t i o n  w i t h  s o l a r  wind, 
and i n t e r p l a n e t a r y  f i e l d s ,  
I n t e n s i v e  s e a r c h  f o r  l i f e  i n  atmosphere and c louds  
o r  i n  c o o l  r e g i o n s  on s u r f a c e .  
For t h e  Mercury/Venus mis s ion ,  t h e  Venus o b j e c t i v e s  r e t a i n  
t h e i r  r e l a t i v e  p r i o r i t i e s ,  bu t  t h e  primary o b j e c t i v e  i s  t o  g e t  a 
f i r s t  look" a t  Mercury, i . e . ,  v i s u a l  and thermal  imaging. I n t e r -  
p l a n e t a r y  measurements are a l s o  g iven  h i g h e r  p r i o r i t y  because of 
t h e  c l o s e  approach  t o  t h e  sun. The o b j e c t i v e s  (from J P L  TM 33-332)  
s e l e c t e d  f o r  t h e  Mercury encounter  are l i s t e d  below i n  approximate  
o r d e r  of p r i o r i t y  : 
11 
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Provide  TV p i c t u r e s  of  p l a n e t a r y  s u r f a c e  t o  a r e s o l u -  
t i o n  of about  150 m/TV l i n e .  
d i s c  of  p l a n e t  t o  o b t a i n  d i ame te r ,  and,  from t h i s  i n -  
fo rma t ion ,  i n  con junc t ion  w i t h  mass from t r a j e c t o r y ,  
o b t a i n  a n  o rde r  of magnitude d e n s i t y  de t e rmina t ion ;  
Obta in  a three-d imens iona l  thermal  map of p l a n e t  s u r -  
f a c e / s u b s u r f a c e .  From t h e s e  d a t a ,  one would hope t o  
i n t e r p r e t  t h e  thermal  and e l e c t r i c a l  p r o p e r t i e s  of 
t h e  p l a n e t a r y  s u r f a c e  i n  terms of g e o l o g i c a l  p rocesses ,  
s t r u c t u r e ,  e tc .  Also ,  a t  s h o r t e r  wavelengths ,  one 
would hope t o  g e t  i n fo rma t ion  on tempera ture ,  p r e s s u r e ,  
and d e n s i t y  of t h e  p l a n e t a r y  atmosphere;  
Determine abundance and d i s t r i b u t i o n  of upper atmos- 
p h e r i c  c o n s t i t u e n t s ,  ob ta ined  from uv s p e c t r a  of  
Mercury; 
Measure changes a t  s e v e r a l  f r e q u e n c i e s  of s p a c e c r a f t  
r a d i o  s i g n a l  r e s u l t i n g  from o c c u l t a t i o n  of s p a c e c r a f t  
by Venus and perhaps Mercury and t h e  sun. Give atmos- 
p h e r i c  scale h e i g h t s  f o r  Venus and Mercury and plane-  
t a r y  d iameter  f o r  Mercury; 
Measure change i n  range  s i g n a l  between space probe 
and E a r t h  r e s u l t i n g  from r e l a t i v i s t i c  e f f e c t  when 
range  s i g n a l  pas ses  nea r  t h e  sun;  
I n v e s t i g a t e  p l a n e t a r y  and i n t e r p l a n e t a r y  magnetic 
f i e l d s ,  t h e i r  r e l a t i o n s h i p ,  c h a r a c t e r i s t i c s ,  magni- 
t u d e ,  d i r e c t i o n ,  and o r i e n t a t i o n ;  
Make d e t a i l e d  energy  and f l u x  measurement, s i m i l a r  t o  
OGO-E plasma experiment;  
Determine mass of Mercury. 
Photograph e n t i r e  v i s i b l e  
The s p a c e c r a f t  experiment  complement d e f i n e d  by t h e s e  ob jec -  
t i v e s  must be used t o  accomplish Venus o b j e c t i v e s  as  w e l l .  I n  
t h e  comparisons d i s c u s s e d  below, only  Venus o b j e c t i v e s  are  con- 
s i d e r e d .  
Because t h e  o b j e c t i v e s  are  e q u i v a l e n t ,  t h e  BVS experiment  
complements s e l e c t e d  e a r l y  i n  t h e  s tudy  remain v a l i d .  However, 
because t h e  SSB o b j e c t i v e s  are s t a t e d  d i f f e r e n t l y  and w i l l  un- 
doubtedly  g a i n  wide accep tance ,  t h e  mis s ion  comparisons a r e  more 
u s e f u l  i f  d i s c u s s e d  i n  t e r m s  of t h e  o b j e c t i v e s  as  s t a t e d  by t h e  
SSB. Accord ingly ,  t h e  SSB o b j e c t i v e s  are summarized i n  t a b l e  8 ;  
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TABLE 8.- SCIENCE OBJECTIVES 
Objectives 
P lane tary  atmospheres 
T, P, p pro f i l e s  a t  severa l  loca t ions  
Radiation f luxes  (v i s ib l e ,  IR) 
Physical and chemical composition of clouds 
Horizontal and v e r t i c a l  cloud s t ruc tu re ,  
dynamics 
Winds, general  c i r cu la t ion ,  turbulence, 
shears  
Deta i led  atmospheric compos it ion 
Upper atmosphere composition 
Exospheric temperature 
Ionospheric e l ec t ron  dens i t i e s  
P lane tary  surfaces 
Exploratory radar mappijig, topography 
Thermal emission mapping 
Physical and chemical sur face  composition 
e l e c t r i c a l  properties 
High reso lu t ion  imaging of s e l e c t  loca t ions  
P lane tary  dynamics and i n t e r i o r s  
Gravi ta t iona l  f i e l d  mapping 
Ac t iv i ty  (seismic, t ec tonic ,  volcanic) 
Heat flow from i n t e r i o r  
P a r t i c l e s ,  f i e l d s ,  and s o l a r  wind 
Synoptic study of near-Venus environment 
In t e rac t ion  of so l a r  wind with upper 
atmosphere 
Formation of ionosphere 
Exobiology 
Search fo r  temperate sur face  environment 
near poles 
Direc t  search fo r  l i f e  i n  atmosphere and 
c louds 
Requirements 
Near poles, subsolar,  a n t i s o l a r ,  equa tor ia l  
terminators;  from above clouds t o  sur face .  
From above clouds t o  sur face  a t  severa l  points 
between subsolar and terminator; near a n t i s o l a r  
point,  poles.  
Major cons t i t uen t s ,  p a r t i c l e  concentrations,  s i z e  
d i s t r ibu t ions ,  r e f r a c t i v e  indices ; horizon t a l  
and v e r t i c a l  va r i a t ions  e spec ia l ly  near subsolar,  
terminator,  poles,  a n t i s o l a r .  
Layering, breaks, s t r u c t u r a l  d i f fe rences  near 
subsolar,  terminators,  an t i so l a r .  
Ci rcu la t ion  near cloud tops, below, near sur face ;  
winds, e t c .  , near subsolar poles terminators 
a n t i s o l a r  versus a l t i t u d e ,  t i m e  va r i a t ions .  
Traces, condensibles, organics,  i so topic  abufidances 
of noble gases. T i m e  va r i a t ions ,  l i g h t  s i d e  t o  
dark s i d e  va r i a t ions .  
Ionized and neu t r a l  components, va r i a t ions  about 
p lane t  and v e r t i c a l l y .  
Horizontal and v e r t i c a l  va r i a t ions .  
Horizontal and v e r t i c a l  va r i a t ions .  
-1 km reso lu t ion ;  high l a t i t udes  o r  poles.  
-100 km r e so lu t ion ;  high l a t i t u d e s  o r  poles, 
subsolar t o  pole, subsolar t o  a n t i s o l a r .  
General sur face  cha rac t e r i s t i c s ,  (rock, sand, dus t ,  
layering, e t c . , ) ;  d i e l e c t r i c  cons tan t  r e f l e c t i v i t y ;  
chemical ana lys i s  from shor t  t e r m  lander. 
Visual (or microwave) imaging of radar  "features" 
from descending probe. 
S a t e l l i t e  o r b i t  per turba t ions ,  high and low in-  
c l ina t ion .  Moments of i n e r t i a ,  shape, dens i ty  
d i s t r ibu t ion .  
Seismic: lander with seismograph 
Volcanic: sur face  temperature mapping, de tec t ion  
of gaseous emissions i n  atmosphere. 
Observations of r ad ia t ion  balance over p lane t .  
Orbi te rs  a t  d i f f e r e n t  i nc l ina t ions ,  W f luxes  i n  
upper atmosphere, neu t r a l  and ion i d e n t i t y  and con- 
cen t r a t ions ,  airglow observations.  
Direct measurement of sur face  conditions a t  poles.  
Col lec t ion  and ana lys i s  of aerosols ,  requi res  -50 t o  
100 h r .  
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o b j e c t i v e s  n o t  e x p l i c i t l y  s t a t e d  i n  t h e  SSB r e p o r t  a re  i d e n t i f i e d  
by a s t e r i s k s .  The second column i n  t a b l e  11 l i s t s  t h e  r e q u i r e -  
ments and d e s i d e r a t a  f o r  optimum accomplishment of t h e s e  ob jec -  
t i v e s .  A s  can be s e e n ,  t h e r e  are s e v e r a l  r equ i r emen t s  common t o  
many of t h e  o b j e c t i v e s :  
Most measurements are d e s i r e d  a t  s e v e r a l  w ide ly  sep-  
a r a t e d  l o c a t i o n s  w i t h  p a r t i c u l a r  emphasis on t h e  
p o l e s  and t h e  s u b s o l a r  and a n t i s o l a r  p o i n t s ;  
V a r i a t i o n s  w i t h  a l t i t u d e  from above t h e  c loud  t o p s  
t o  t h e  s u r f a c e  a t  t h e s e  same l o c a t i o n s  are r e q u i r e d .  
An a l t i t u d e  r e f e r e n c e  i s  a l s o  d e s i r e d ;  
Time v a r i a t i o n s  as  w e l l  as s p a t i a l  v a r i a t i o n s  are 
r e q u i r e d  ; 
S e v e r a l  of t h e  o b j e c t i v e s  r e q u i r e d  d u r a t i o n s  of sev- 
eral  t e n s  of hours  f o r  s u c c e s s f u l  accomplishment. 
ACCOMPLISHMENT OF OBJECTIVES WITH BVS MISSIONS 
An advantage  of m u l t i p l e  probes  i s  t h a t  t hey  can  be  t a r g e t e d  
t o  p r e c i s e l y  t h e  l o c a t i o n s  d e s i r e d  w h i l e  o n l y  t h e  i n i t i a l  l oca -  
t i o n  of t h e  BVS is independent of t h e  wind p a t t e r n .  
if t h e  p o l e s  are much c o l d e r  t h a n  t h e  e q u a t o r i a l  r eg ions ,  i t  is  
l i k e l y  t h a t  t h e  BVS w i l l  be d r i v e n  toward them -- o r  toward 
t h e  c o o l e s t  s p o t  on t h e  p l a n e t  wherever i t  may be.) 
(However, 
The BVS concept i s  compared i n  t a b l e  9 t o  the mult iple  br 
s i n g l e  probe concept  on t h e  b a s i s  of  p o t e n t i a l  f o r  accomplishing 
t h e  s c i e n t i f i c  o b j e c t i v e s  l i s t e d .  The BVS c o n f i g u r a t i o n  i s  as-  
sumed t o  c o n s i s t  of an e n t r y  v e h i c l e ,  a subson ic  probe t o  t h e  
s u r f a c e ,  and a BVS w i t h  s e v e r a l  small sondes.  Thus, i t  i s  es- 
s e n t i a l l y  a m u l t i p l e  probe mis s ion  p lus  a long l i v e d  BVS miss ion .  
I n  t a b l e  9 ,  plus (4) indicates  that  the object ive  can b e .  
( p o t e n t i a l l y )  accomplished t o  an a c c e p t a b l e  deg ree  w h i l e  p l u s -  
p l u s  (-I+) i n d i c a t e s  complete o r  n e a r l y  complete accomplish- 
ment; a minus (-) i n d i c a t e s  i n a b i l i t y  t o  accomplish t h e  ob- 
j e c t i v e  l i s t e d  o r  only token  accomplishment. A l l  c a s e s  i n  which 
t h e  probes a r e  g iven  a double  p l u s  r a t i n g  a r e  due. t o  the  a b i l i t y  
t o  t a r g e t  a m u l t i p l i c i t y  of probes a t  t h e  l o c a t i o n s  d e s i r e d .  
From t h e  ve iwpoin t  of accompl ish ing  s c i e n c e  o b j e c t i v e s ,  t h e  
BVS miss ions  d i f f e r  p r i m a r i l y  i n  e n t r y  l o c a t i o n s  and p r e d i c t e d  
d r i f t  of t h e  BVS i n  t h e  atmosphere.  I n  t h i s  r e g a r d ,  t h e  o r b i t e r  
mi s s ion  i s  most a t t r a c t i v e  i n  p e r m i t t i n g  t h e  BVS t o  approach t h e  
p o l a r  area.  
I 
48 
TABLE 9. - COMPARISON OF BVS AND PROBE CONCEPTS 
S c i e n t i f i c  o b j e c t i v e  
P l a n e t a r y  a tmosphe res ,  lower 
Tempera ture  and p r e s s u r e  p r o f i l e s  t o  s u r f a c e  nea r  
p o l e s ,  s u b s o l a r ,  and a n t i s o l a r  p o i n t s  
R a d i a t i o n  f l u x e s  ( v i s i b l e ,  I R )  c l o u d  t o p s  t o  
s u r f a c e  a t  s e v e r a l  p o i n t s  
Chemical compos i t ion  o f  c l o u d s  
H o r i z o n t a l  and v e r t i c a l  c loud  s t r u c t u r e ,  dynamics 
Winds, g e n e r a l  c i r c u l a t i o n  a t  s e v e r a l  a l t i t u d e s ,  
t u r b u l e n c e ,  s h e a r s  
D e t a i l e d  a tmosphe r i c  compos i t ion ;  t r a c e s ,  conden- 
s i b l e s ,  o r g a n i c s ,  i s o t o p i c  abundances 
Upper a tmosphere  and ionosphe re  
Composi t ion and a l t i t u d e  v a r i a t i o n s  
Exosphe r i c  t empera tu re  and v a r i a t i o n s  
I o n o s p h e r i c  e l e c t r o n  d e n s i t i e s  and v a r i a t i o n s  
P l a n e t a r y  s u r f a c e s  
Radar imaging w i t h  1 km r e s o l u t i o n ;  p a r t i c u l a r l y  a t  
h i g h  l a t i t u d e s  
Thermal emis s ion  p l o t s  w i th  -100 km r e s o l u t i o n ;  
p a r t i c u l a r l y  po les 
P h y s i c a l  and chemica l  composi t ion  o f  s u r f a c e ,  e l e c -  
t r i c a l  p r o p e r t i e s  
V i s u a l  imaging o f  select l o c a t i o n s  a t  h i g h  r e s o l u -  
t i o n  
P l a n e t a r y  dynamics and i n t e r i o r s  
S a t e l l i t e  o r b i t  p e r t u r b a t i o n s ;  shape ,  moments o f  
i n e r t i a ,  d e n s i t y  d i s t r i b u t i o n  
Ac t i ' J i t y  ( s e i s m i c ,  t e c t o n i c ,  v o l c a n i c )  
Heat f l ow from i n t e r i o r  
D i f f e r e n t i a t i o n  ( c o r e ,  man t l e ,  c r u s t )  
P a r t i c l e s ,  f i e l d s ,  and i n t e r a c t i o n s  wi th  s o l a r  wind 
Synop t i c  s t u d y  o f  near-Venus envi ronment  
Format ion  o f  i onosphe re  
Exobio logy  
Sea rch  f o r  t empera t e  s u r f a c e  environment n e a r  p o l e s  
D i r e c t  s e a r c h  f o r  l i f e  i n  a tmosphere  and c l o u d s  
a 
Venus Imaging Probe 
in t ry  p robe ( s )  
+(+Mu 1 t ) 
































The baseline experiment complements for the BVS were designed 
to be nearly identical for the mission modes of this study. As 
summarized in table 10, they have been selected to accomplish many 
of the objectives. 
sion modes are not in the payloads, but rather with respect to 
how well or to what extent the objectives can be accomplished 
subject to the constraints of each mission; e.g., entry and de- 
ployment locations, mission duration, wind drift trajectories, 
coverage, etc. In the discussion below, the three baseline BVS 
mission modes are compared with respect to these differences. 
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5 1  
MISSION COMPARISONS 
The most s i g n i f i c a n t  comparisons a r e  w i t h  respect t o  t h e  en- 
F i g u r e s  30 t h r u  33 d e p i c t  coun te r  geometry and e n t r y  l o c a t i o n s .  
t h e  encounter geometry f o r  each  of t h e  t h r e e  m i s s i o n s .  The s c i e n -  
t i f i c  o b j e c t i v e s  and d e s i d e r a t a  d i c t a t e  t h e  fo l lowing  c o n s t r a i n t s  
on t h e  s e l e c t i o n  of t h e  t r a j e c t o r i e s  and e n t r y  l o c a t i o n s :  
1) The requi rement  t o  measure l i g h t  l eve ls  below and 
w i t h i n  t h e  c louds  r e s t r i c t s  t h e  e n t r y  l o c a t i o n s  t o  
w i t h i n  70" of t h e  s u b s o l a r  p o i n t  and p r e f e r a b l y  wi th -  
i n  10" of s u b s o l a r ;  
Near normal viewing of a po la r  r e g i o n  from t h e  S /C  
i s  r e q u i r e d  f o r  thermal  mapping of t h a t  r e g i o n ;  
imaging from t h e  S/C i s  a l s o  r e q u i r e d .  Th i s  con- 
f l i c t s  somewhat w i t h  t h e  prev ious  requi rement  f o r  
p o l a r  viewing, but  a compromise i s  p o s s i b l e ;  
i s  r e q u i r e d  f o r  b i s t a t i c  r a d a r  mapping; 
t h a t  t h e  winds w i l l  d r i v e  t h e  BVS up t o  a h i g h  l a t i -  
t u d e  or  po le ;  
r e g i o n ,  i s  d e s i r a b l e ;  
of t h e  wind p a t t e r n s  from BVS t r a c k i n g .  
2)  
3 )  Viewing of t h e  i l l u m i n a t e d  hemisphere f o r  v i s u a l  
4 )  Viewing of t h e  hemisphere abou t  t h e  s u b e a r t h  p o i n t  
5) En t ry  should be as  nea r  s u b s o l a r  as p o s s i b l e  and such 
6) E a r t h  o c c u l t a t i o n  of t h e  S / C ,  p r e f e r a b l y  over  a po la r  
7) A s h o r t  pe r iod  o r b i t  i s  d e s i r a b l e  f o r  d e t e r m i n a t i o n  
Other miss ion  c o n s t r a i n t s  e f f e c t i n g  t h e  t r a j e c t o r y  and e n t r y  
l o c a t i o n  s e l e c t i o n s  i n c l u d e  t h e  fo l lowing :  
1) The d e s i r e  t o  use  s o l a r  c e l l s  as  a power supply  
s t r e n g t h e n s  t h e  requi rement  t h a t  e n t r y  be w i t h i n  70" 
from s u b s o l a r ;  
U n c e r t a i n t y  i n  t h e  BVS t empera tu re  change a c r o s s  t h e  
t e r m i n a t o r  makes i t  d e s i r a b l e  t o  choose a n  e n t r y  p o i n t  
t h a t  maximizes t h e  l i g h t  s i d e  BVS miss ion ;  
of subea r th )  i s  d e s i r a b l e  f o r  t h e  1973 o r b i t e r  mi s s ion  
and mandatory f o r  t h e  1972 f l y b y  and 1973 Venus/Mercury 
swingby mis s ions .  For t h e  l a t te r  m i s s i o n s ,  t h e  BVS 
should  a l s o  remain w i t h i n  60" of s u b e a r t h  f o r  a t  least  
50 h r ;  
2) 






Encounter geometry for first day of launch 
window. 
60' of aubearth and 70' of subsolar. 
Desired entry points are within 
North 
t 
Wind d r i f t  t ra jec tor ie s  for nomfnal entry 
( 1 3 . 5 2 ~  let. 68.57* long.) Velocities 
b e l w  4.0 mlsec are improbable. 
Spacecraft trajectory 
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1 21 O c t .  1973 
3 26 a c t .  1973 
7 10 Nov. 1973 
Flyby spacecraft trajector ies  as seen 
from above nominal flyby trajector  
p lane .  For 5 Feb. 74 arr ival  *t Venus. 
I South ,. 
Flyby trajector ies  as seen from 
Earth for 5 Peb. 1974 arrival e t  
Venus. 
Figure 33.- 1973 Venus Mercury Swingby Trajectories 
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4 )  The 50-year o r b i t e r  l i f e t i m e  requi rement  r e s t r i c t s  
t h e  cho ice  of o r b i t s  f o r  t h e  1973 miss ion .  P ropu l s ion  
weight  l i m i t a t i o n s  a l s o  d i c t a t e  t h e  c h o i c e  of h i g h l y  
e c c e n t r i c  o r b i t s  (-0.8) ; 
Entry  f l i g h t p a t h  a n g l e s  are g e n e r a l l y  r e s t r i c t e d  t o  
t h e  range  25' about  -3OO. 
215" i s  n o t  ou t  of t h e  q u e s t i o n .  
5) 
However, a r ange  of +lOOor 
The b a s e l i n e  t r a j e c t o r i e s  and e n t r y  p o i n t s  which were s e l e c t e d  
a f t e r  c o n s i d e r a t i o n  of t h e s e  g e n e r a l  c o n s t r a i n t s  are  summarized 
i n  t a b l e  11 f o r  each  o p p o r t u n i t y .  Other s e l e c t i o n s  are  p o s s i b l e  
and some of t h e s e  w i l l  be d i s c u s s e d  below. 
1973 Venus O r b i t e r  Miss ion  
The b a s e l i n e  approach t r a j e c t o r y  and  o r b i t  are shown i n  f i g u r e  
31. The cho ice  of t h i s  t r a j e c t o r y  w a s  d i c t a t e d  mainly by t h e  re- 
quirement f o r  a 50-year o r b i t  l i f e  ( f i g .  3 2 ) .  The r ange  of o r b i t s  
t h a t  s a t i s f y  t h i s  c o n s t r a i n t  and which a l l o w  e n t r y  near  t h e  sub- 
s o l a r  p o i n t  a r e  d e p i c t e d  i n  f i g u r e  32. A s  can  be seen ,  none of 
t h e  e n t r y  p o i n t s  a r e  w i t h i n  view of E a r t h .  Aside from t h i s ,  t h e  
e n t r y  p o i n t s  are  i d e a l  f o r  t h e  BVS mis s ion ;  t h e y  are c l o s e  t o  t h e  
s u b s o l a r  po in t  and t h e  expec ted  winds w i l l  c a r r y  t h e  BVS toward 
t h e  t e r m i n a t o r .  
A more optimum BVS mis s ion  i s  ob ta ined  a t  some expense t o  t h e  
o r b i t e r  miss ion  because c l o s e  p o l a r  viewing i s  a t  t a n g e n t i a l  a n g l e s  
and t h e  E a r t h  o c c u l t a t i o n  i s  n o t  a n  optimum. Better viewing of 
t h e  p o l a r  r e g i o n  can be ob ta ined  by r a i s i n g  p e r i a p s i s ;  t h i s  would 
a l s o  i n c r e a s e  t h e  BVS-to-orbiter communication t ime.  Although t h e  
E a r t h  o c c u l t a t i o n  i s  no t  t h e  b e s t  f o r  probing t h e  n e u t r a l  atmosphere 
below t h e  c l o u d s ,  t h e  s i g n a l s  w i l l  probe t h e  plasma pause and i o n -  
o s p h e r i c  t r a n s i t i o n  r e g i o n  ve ry  e f f e c t i v e l y .  I n  a d d i t i o n ,  s i g n a l  
l o s s  w i l l  probably n o t  occur ,  and cont inuous  c l o s e d  loop d a t a  w i l l  
be ob ta ined  from e n t r y  t o  e x i t .  
1972 Venus Flyby Miss ion  
The encounter  geometry and b a s e l i n e  t r a j e c t o r y  f o r  t h i s  m i s -  
s i o n  are shown i n  f i g u r e  30. The cho ice  of  e n t r y  p o i n t  i s  d i c -  
t a t e d  by t h e  r equ i r emen t s  f o r  a d i r e c t  E a r t h  l i n k  and a l i g h t  
s i d e  e n t r y .  These d e f i n e  a n  e n t r y  area as shown. The wind d r i f t  
t r a j e c t o r i e s  f o r  a n  e n t r y  c l o s e s t  t o  E a r t h  cause  t h e  BVS t o  d r i f t  
toward t h e  t e r m i n a t o r  and t h e  s u b e a r t h  p o i n t .  
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TABLE 11. - TRAJECTORIES AND ENTRY POINTS 
T r a j e c t o r y  
( f i r s t  day launch)  
Type 
VHE km/ sec 
r k m  
P’ 
a I n c l i n a t i o n  deg 
R igh t  a s c e n s i o n  , deg 
Argument of  p e r i a p s i s  , deg 
F. ( o r b i t )  
E n t r y  a n g l e ,  deg 
E n t r y  l a t i t u d e  , deg 






f l y b y  w i t h  









13 .5  
68.5 
1973 
o r b i t e r  w i t h  
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--4 1 b 
b-120 
Refe rence  system i s  Venus o r b i t a l  p l ane  w i t h  z e r o  l o n g i t u d e  b e i n g  t h e  sub a 
s o l a r  p o i n t .  
bEn t ry  i s  on f a r  s i d e  from s p a c e c r a f t  t r a j e c t o r y .  
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Nei the r  E a r t h  o c c u l t a t i o n  nor  good viewing of t h e  p o l e  are  
p o s s i b l e .  
shown. The e n t r y  p o i n t s  f o r  t h e s e ,  w h i l e  i n  view of E a r t h ,  are 
on t h e  d a r k  s i d e .  An out -of -p lane  e n t r y  i s  r e q u i r e d  f o r  t h e s e  
t r a j e c t o r i e s  i f  t h e  BVS i s  t o  be deployed on t h e  l i g h t  s i d e  i n  
view of Ea r th .  This  i s  t o  be d e s i r e d  because t h e  f l y b y  t ra jec-  
t o r y  w i l l  g i v e  a n  optimum E a r t h  o c c u l t a t i o n  over  t h e  n o r t h  po le  
and a l l o w  scanning  of  t h e  po la r  r e g i o n s .  
Po la r  and E a r t h  o c c u l t a t i o n  t r a j e c t o r i e s  are  a l s o  
1973 VenuslMercury Swingby Mission 
The cho ice  of  t r a j e c t o r i e s  f o r  t h i s  miss ion  i s  r e s t r i c t e d  
t o  a ve ry  narrow range  as shown i n  f i g u r e  33. A s  can be seen ,  
E a r t h  o c c u l t a t i o n  i s  ob ta ined  i n  a l l  cases bu t  p o l a r  viewing i s  
nea r  t angen t  ia 1. 
The encounter  geometry f o r  a n  October 26 ,  1973 launch d a t e  
and a February 5,  1974 a r r i v a l  p l a c e s  e n t r y  p o i n t s  w i t h i n  view 
of E a r t h  on t h e  d a r k  s i d e ,  wh i l e  t h o s e  benea th  t h e  s p a c e c r a f t  
t r a j e c t o r y  are  ou t  of  view of E a r t h .  Thus, a n  out -of -p lane  e n t r y  
maneuver i s  r e q u i r e d .  The e n t r y  p o i n t  c l o s e s t  t o  e a r t h  has  been 
s e l e c t e d .  From t h i s  p o i n t ,  t h e  BVS w i l l  d r i f t  toward t h e  equa to r  
and t h e  s u b e a r t h  po in t .  The BVS miss ion  i s  e n t i r e l y  on t h e  d a r k  
s i d e .  
The 1973 BVS/orbiter miss ion  accompl ishes  t h e  h i g h - p r i o r i t y  
o b j e c t i v e s  t o  a much g r e a t e r  degree  t h a n  t h e  o t h e r  two miss ions .  
The b a s e l i n e  1973 BVSlorbi ter  miss ion  f a l l s  s h o r t  o f  be ing  i d e a l  
f o r  t h e  h i g h - p r i o r i t y  o b j e c t i v e s  i n  t h a t  d i r e c t  measurements of 
s u r f a c e  tempera ture  a t  t h e  po le s  (wi th  a d r o p  sonde) are  n o t  pos- 
s i b l e  acco rd ing  t o  t h e  wind d r i f t  model. I f  t h e  e n t r y  po in t  
could  be s h i f t e d  t o  a p o i n t  about  25ON l a t  and 6 o r  7" l o n g i t u d e ,  
t h e  wind p a t t e r n s  p r e d i c t  t h a t  t h e  BVS would d r i f t  t o  h ighe r  l a t i -  
t u d e s  and perhaps d i r e c t l y  over  a pole .  However, t h i s  r e q u i r e s  
a n  o r b i t  w i t h  a l i f e t i m e  of less  than  50 y e a r s  o r  a n  out -of -p lane  
e n t r y  maneuver. The la t ter  i s  probably r e q u i r e d .  
An o r b i t e r  mi s s ion  (wi th  r e l a y  l i n k )  i s  t h e  o n l y  one that 
o f f e r s  t h e  p o s s i b i l i t y  of r each ing  a p o l e  because f l y b y  miss ions  
imply a d i r e c t  l i n k  t o  E a r t h  and t h e  p o l e s  are  always on t h e  E a r t h  
view hor izon .  While n o t  imposs ib l e ,  t h e  u s e  of t h e  f l y b y  space-  
c ra f t  as a r e l a y  l i n k  between E a r t h  and  a probe t o  a p o l e  i s  ex- 
t remely  i m p r a c t i c a l  (and s h o r t  l i v e d ) ,  e s p e c i a l l y  f o r  t h e  1973 
Venus/Mercury f l y b y .  
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There fo re ,  on t h e  b a s i s  of  accomplishment of t h e  h i g h  p r i o r i t y  
Venus o b j e c t i v e s ,  t h e  1973 b a s e l i n e  orbiter/BVS miss ion  i s  t h e  
b e s t  of t h e  t h r e e .  The 1973 Venus/Mercury f l y b y  is t h e  l eas t  
s a t i s f a c t o r y  i n  terms of accompl ish ing  t h e  Venus o b j e c t i v e s .  It ,  
is  no t  w i t h i n  t h e  scope of t h i s  r e p o r t  t o  a r g u e  t h e  r e l a t ive  
m e r i t s  of Venus v s  Venus/Mercury m i s s i o n s ,  bu t  it i s  c l e a r  t h a t .  
a Venus/Mercury mis s ion  r e s t r i c t s  t h e  accomplishment of Venus 
o b j e c t i v e s  . 
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OPERATIONAL COMPLEXITY 
To a s s e s s  t h e  r e l a t i v e  complexi ty  o f  t h e  t h r e e  mis s ions )  t h e  
comparison was made i n  terms o f  t h e  subsystem equipment complexi ty  
and i n  terms of  t h e  complexi ty  o f  t h e  sequence o f  o p e r a t i o n s  re- 
qu i r ed .  T a b l e  12 l i s t s  t h e  d i f f e r e n c e s  i n  each subsystem requ i r ed  
by t h e  miss ions .  
Three subsystems have s i g n i f i c a n t  d i f f e r e n c e s ,  t h e  d e f l e c t i o n  
propuls ion  subsystem) t h e  r a d i o  subsystem, and t h e  a t t i t u d e  con- 
t r o l  subsystem. The o r b i t e r  miss ion  r e q u i r e s  a maximum v e l o c i t y  
increment o f  250 m/sec compared t o  50 m/sec €o r  t h e  Venus f l y b y  
and 93 m/sec f o r  t h e  Venus/Mercury swingby. T h i s  i nc reased  i m -  
p u l s e  requi rement  f o r  t h e  o r b i t e r  r e s u l t e d  i n  t h e  s e l e c t i o n  of 
t h e  l u n a r  o r b i t e r ,  b i p r o p e l l a n t  engine  a s  be ing  more weight  e f f e c -  
t i v e ,  a l though  t h e  more complex b i p r o p e l l a n t  engine  i s  no t  an ab- 
s o l u t e  requi rement .  The r a d i o  subsystem o f  t h e  Venus f l y b y  m i s -  
s i o n  i s  t h e  most complex o f  t h e  t h r e e  miss ions  because i t  c o n t a i n s  
two s e p a r a t e  r f  systems.  The a t t i t u d e  c o n t r o l  subsystem i s  re- 
qui red  o n l y  on t h e  Venus/Mercury miss ion ,  t o  p rov ide  an  angular  
change o f  t h e  capsu le  s p i n  a x i s  of approximately 70" f o r  e n t r y .  
To compare t h e  sequence o f  o p e r a t i o n s ,  f i g u r e  34 shows func- 
t i o n a l  b lock  diagrams f o r  t h e  t h r e e  miss ions .  The b locks  enclosed 
i n  dashed l i n e s  r e p r e s e n t  s p a c e c r a f t  f u n c t i o n s .  The s o l i d  l i n e d  
b locks  a r e  BVS f u n c t i o n s  t h a t  a r e  e q u i v a l e n t  except  a s  noted i n  
t a b l e  13. 
The o r b i t e r  miss ion  c o n t a i n s  t h r e e  a d d i t i o n a l  major f u n c t i o n s  
t h a t  a r e  r e q u i r e d  f o r  BVS success .  The o r b i t e r  must be i n s e r t e d  
i n t o  o r b i t  and perform a p o r t i o n  of i t s  o r b i t a l  s c i e n c e  mission 
b e f o r e  t h e  s e p a r a t i o n  o f  t h e  BVS capsu le .  I n  a d d i t i o n  t h e  o r b i t e r  
must s u r v i v e  throughout  t h e  BVS miss ion  t o  s e r v e  a s  a d a t a  r e l a y  
s t a t i o n .  
The Venus f l y b y  miss ion  r e q u i r e s  t h e  s p a c e c r a f t  r e l a y i n g  e n t r y  
d a t a ,  which r e q u i r e s  t h e  s p a c e c r a f t  l i f e  t o  b e  extended a l i t t l e  
ove r  two days beyond capsu le  s e p a r a t i o n .  T h i s  i n c l u d e s  t h e  re- 
quirement  f o r  a t t i t u d e  c o n t r o l ,  e l e c t r i c  power and sequencing)  a s  
w e l l  a s  r e l a y  r a d i o  equipment t h a t  was cons idered  i n  t h e  r a d i o  sys -  
t e m  equipment complexi ty .  The Venus/Mercury miss ion ,  on t h e  o t h e r  
hand, r e q u i r e s  no s p a c e c r a f t  f u n c t i o n s  beyond t h e  common launch  
and i n t e r p l a n e t a r y  c r u i s e .  
A s  may be seen  from t a b l e  12, t h e  o r b i t e r  miss ion  i s  more com- 
p l e x  i n  terms of  f u n c t i o n s  t h a t  must be  performed. 
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F i g u r e  34.- M i s s i o n  F u n c t i o n a l  Block Diagram 
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COST AND SCHEDULE 
BVS costs for three missions are compared in table 13. 
are shown for a 1973 flyby mission in lieu of the 1972 flyby mis-  
sion because of the impracticality of implementing the 1972 mis- 
sion at this late date. 
phase in table 14. 
Costs 
Schedule spans are compared by program 
The program master  s chedu le  f o r  t h e  1973 Venus o r b i t a l  e n t r y  
miss ion  i s  shown i n  f i g u r e  3 5  from t h e  i s s u a n c e  o f  a Phase C and 
D r e q u e s t  f o r  proposa l  (RFP) through Venus encounter  and t h e  sub- 
sequent  miss ion  a c t i v i t i e s .  A compe t i t i on  f o r  Phases  C and D i s  
assumed, w i t h  t h e  c o n t r a c t o r  s e l e c t e d  f o r  Phase C a l s o  performing 
Phase D. An 8-month span f o r  t h e  performance o f  Phase C has  been 
s e l e c t e d .  S i m i l a r  programs o r  proposed programs t h a t  have pro-  
vided a b a s i s  f o r  t h i s  t i m e  e s t i m a t e  a r e  Mariner  Mars 6 4 ,  Voyager 
s p a c e c r a f t ,  A p p l i c a t i o n s  Technology S a t e l l i t e ,  and t h e  Synchronous 
Meteoro logica l  S a t e l l i t e .  
Cons ider ing  a n t i c i p a t e d  funding ,  5 months of  Phase C w i l l  oc- 
c u r  i n  FY 70 and t h r e e  months i n  FY 7 1 ,  and then  a 2-month per iod  
t o  n e g o t i a t e  Phase D. The r e s u l t  o f  t h i s  p lanning  i s  t o  avoid 
Venus miss ion  expend i tu re s  i n  FY 69 and p rov ide  f o r  l i m i t e d  ex- 
p e n d i t u r e s  i n  FY 70. 
P roduc t s  o f  t h e  Phase C e f f o r t  i n c l u d e  t h e  d e t a i l e d  d e f i n i t i o n  
o f  t h e  s e l e c t e d  c o n f i g u r a t i o n  and t h e  breadboard ing  o f  c r i t i c a l  
systems and subsystems t h a t  provide  r easonab le  a s su rance  t h a t  t h e  
t e c h n i c a l  mi l e s tone  schedu les  and r e s o u r c e s  e s t i m a t e s  f o r  t h e  nex t  
phase can be  m e t .  A f i r m  p r i c e  proposa l  i s  prepared  f o r  Phase D 
and submi t ted  a long  w i t h  t h e  program p l a n s  (Conf igu ra t ion  Manage- 
ment, R e l i a b i l i t y ,  S t e r i l i z a t i o n ,  Q u a l i t y  Assurance,  Program Con- 
t r o l ,  e t c . )  . 
Phase D w i l l  beg in  i n  December 1970, which provides  f o r  a 35- 
month program t o  a launch  on November 1, 1973. The Phase D sched- 
u l e  p rov ides  f o r  a minimum o f  o v e r l a p  o f  t h e  major a c t i v i t i e s  en- 
s u r i n g  a maximum conf idence  l e v e l  i n  t h e  success  of  t h e  nex t  s t e p .  
Engineer ing  r e l e a s e  and f a b r i c a t i o n  o f  t h e  eng inee r ing  t e s t  
model from n o n f l i g h t  hardware beg ins  i n  t h e  f i rs t  yea r  of  Phase D ,  
t o  p rov ide  e a r l y  system e v a l u a t i o n  and i d e n t i f i c a t i o n  o f  major 
system problems. The proof  t e s t  model tes ts  w i l l  be  completed 
b e f o r e  t h e  accep tance  o f  t h e  f i r s t  f l i g h t  a r t i c l e  a s s u r i n g  t h a t  
t h e  f l i g h t  a r t i c l e s  a r e  o f  t h e  same c o n f i g u r a t i o n  a s  t h e  a r t i c l e  
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Cost, FY68 dollars 
Phase C Phase D Total 
125 540 135 284 
8637 I118 380 I 127 017 I 
TABLE 14. - SCHEDULE COMPARISON BY PHASE 
1973 Mercury/Venus -1 a Includes 2 months for Phase D contract negotiations.1 






6 7  
t h a t  h a s  s u c c e s s f u l l y  completed systems q u a l i f i c a t i o n  t e s t i n g .  
The t e c h n i c a l  a r e a s  t h a t  r e q u i r e  advancement o f  t h e  s t a t e  o f  t h e  
a r t  such  a s  t h e  h e a t  s h i e l d ,  t h e  f l o t a t i o n  system, and c e r t a i n  
s c i e n c e  in s t rumen t s  would be s t a r t e d  and conducted under suppor t -  
i n g  r e s e a r c h  and technology programs on a time schedule  t h a t  w i l l  
suppor t  t h i s  program master  schedule .  
p o r t  t h i s  program schedule  i s  shown i n  t h e  lower t i e r  schedules  
provided i n  t h i s  s e c t i o n .  
A d d i t i o n a l  d e t a i l  t o  sup- 
F i g u r e  36 i s  a schedu le  of  t h e  Phase C program a c t i v i t i e s .  
A t  t h e  i n i t i a t i o n  o f  Phase C ,  t h e  b a s i c  miss ion  s p e c i f i c a t i o n s ,  
d e s i g n  d a t a  f o r  t h e  selected o r b i t e r ,  and a p re l imina ry  s c i e n c e  
l i s t  provide  t h e  b a s i s  f o r  t h e  d e s i g n  a n a l y s e s  and t h e  r e s u l t i n g  
s p e c i f i c a t i o n s .  
Program p l a n s  f o r  Phase D a r e  submit ted and nego t i a t ed  du r ing  
t h i s  phase.  They p rov ide  t h e  b a s i s  f o r  t h e  Phase D proposal  sub- 
m i t t e d  a t  t h e  conc lus ion  o f  Phase C .  
The pr imary emphasis du r ing  Phase C i s  t h e  accomplishment of  
d e s i g n  a n a l y s e s  and p re l imina ry  eng inee r ing  t o  enab le  t h e  p repa ra -  
t i o n  and n e g o t i a t i o n  o f  program s p e c i f i c a t i o n s .  For  hardware and 
so f tware  (computer programs) ,  a recommended c o n t r a c t  end i t e m  l i s t  
i s  submit ted f o r  approval .  I n t e r f a c e  s p e c i f i c a t i o n s  d e f i n i n g  t h e  
i n t e r f a c e s  between t h e  BVS and t h e  o r b i t e r ,  t h e  BVS system and t h e  
f a c i l i t y / l a u n c h  pad, and t h e  BVS and t h e  s c i e n c e  in s t rumen t s  t h a t  
a r e  assumed t o  be  government-furnished p r o p e r t y  a r e  prepared and 
n e g o t i a t e d .  Sc ience  in s t rumen t s  p r e s e n t  a p e c u l i a r  problem i n  
t h a t  t hey  a r e  provided by v a r i o u s  sources  having v a r i e d  types  o f  
management and t e c h n i c a l  c o n t r o l s .  
The p lanning  e f f o r t  i n  Phase C c o n s i s t s  o f  t h e  p r e p a r a t i o n  of 
d e t a i l  schedules  and program c o n t r o l s  f o r  t h e  performance o f  Phase 
D .  
I n  Phase C ,  t h e  i n i t i a t i o n  of  long- lead  procurement a c t i o n s  
occur  on program go-ahead. T h i s  Phase C schedule  does n o t  show 
development o f  t h e  ba l loon  f l o t a t i o n  system and t h e  h e a t  s h i e l d ,  
which occur  under suppor t ing  r e s e a r c h  and technology (SRT) pro-  
grams. These programs a r e  c a r r i e d  through t h e  development phase 
t h a t  c o i n c i d e s  w i t h  Phase D hardware requi rements .  
The long-lead i tems worked d i r e c t l y  i n  Phase C a r e  t h e  s i l v e r -  
z inc  (Ag-Zn) b a t t e r y  and t h e  d e s i g n  o f  t h e  BVS s t r u c t u r e .  The 
Ag-Zn b a t t e r y  h a s  been inc luded  a s  a long-lead i t e m ,  even though 
t h e r e  a r e  development programs i n  p rogres s .  
The d e s i g n  o f  t h e  s t r u c t u r e  i s  i n i t i a t e d  i n  Phase C so  t h a t  
s t r u c t u r a l  t e s t  models and a s t r u c t u r e  f o r  t h e  Engineer ing  T e s t  
Yodel (ETM) may be  f a b r i c a t e d  e a r l y  i n  Phase D .  
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\B/ssume, present development 
programs not completely applicable 
m: 9 System Specification submitted 
1 Mission specification available 10 CEI 1 1 S c  submitted 
2 Orbiter design data 11 OSE criteria 
3 Prellrn science list 12 F i n a l  PDR 
4 Resident offices established 13 Specs for long leads submitfed 
5 CEI list approved 14 OSE specification subrnirted 
6 Final  science list 15 Software specifications submitted 
7 Phase D msfrwtions issued 16 A l l  specifications negotiated 
8 Mission specification updated 17 Phase C schedules finalized 
Ftgure 36.- Phase C Schedule, 1973 Orbital Mission 
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The schedu le  f o r  Phase D i s  shown i n  f i g u r e  3 7 .  Emphasis i s  
p laced  on having proven hardware f o r  t h e  systems q u a l i f i c a t i o n  
t e s t i n g ,  proof  t e s t  model (PTM), which w i l l  reduce t h e  t i m e  r e -  
qui red  f o r  system q u a l i f i c a t i o n .  R e u t i l i z a t i o n  of  t e s t  models 
r educes  program c o s t s  and provides  schedu le  i n c e n t i v e  a s  t h e  
a v a i l a b i l i t y  o f  t h d s e  - ,2els  c o n t r o l  t h e  succeeding  t a s k .  Empha- 
s i s  on t h e  development s t a g e  o f  t h e  hardware program w i t h  a mini-  
mum o f  o v e r l a p  w i t h  t h e  q u a l i f i c a t i o n  program provides  schedule  
r ecove ry  c a p a b i l i t y  and t h e  a b i l i t y  f o r  program management t o  
e x e r c i s e  a l t e r n a t i v e s  i n  t h e  development s t a g e .  Breadboard lbrass -  
board development commence s h o r t l y  a f t e r  t h e  s t a r t  o f  Phase D and 
l ead  t o  t h e  p roduc t ion  of  hardware f o r  development t e s t i n g  t h e  
subsystems and f o r  t h e  ETM, which i s  used f o r  development t e s t i n g  
a t  t h e  system l e v e l .  
S t r u c t u r a l  t e s t  models a r e  b u i l t  e a r l y  i n  Phase D t o  v e r i f y  
s t r u c t u r a l  i n t e g r i t y  and t h e  c a p a b i l i t y  o f  t h e  v a r i o u s  s t r u c t u r a l  
modules t o  s e p a r a t e  a s  planned.  The s t r u c t u r e  used f o r  t h e  s t r u c -  
t u r e  s e p a r a t i o n  t e s t s  w i l l  be  used t o  conduct t h e  thermal  e f f e c t s  
t e s t s .  Upon complet ion o f  t h e  thermal  t e s t s ,  t h e  s t r u c t u r e  i s  
used f o r  t h e  s t r u c t u r e  of  t h e  ETM. 
V e r i f i c a t i o n  o r  q u a l i f i c a t i o n  t e s t s  a r e  conducted on t h e  en-  
t r y  f l o t a t i o n  components t o  a s s u r e  proper  o p e r a t i o n  of  t h i s  sys-  
t e m  w i t h  q u a l i f i e d  hardware.  These a i r c r a f t  d rops  p rov ide  f o r  
t h e  main c h u t e  deployment,  which i n  t u r n  provides  f o r  b a l l o o n  d e -  
ployment and i n f l a t i o n .  
The ETM i s  used t o  v e r i f y  t h e  BVS systems o p e r a t i o n s .  A t  t h e  
complet ion o f  t e s t i n g  a t  t h e  c o n t r a c t o r ' s  p l a n t ,  t h e  ETM i s  mated 
w i t h  t h e  o r b i t e r  a t  a l o c a t i o n  d e s i g n a t e d ,  and i n t e r f a c e  t e s t i n g  
w i t h  t h e  o r b i t e r  i s  conducted. When t h e s e  t e s t s  a r e  completed)  
t h e  BVS i s  t r a n s p o r t e d  t o  Goldstone t o  conduct  c o m p a t i b i l i t y  t e s t s  
w i t h  t h e  Deep Space N e t  (DSN). The ETM i s  then  r e tu rned  t o  t h e  
c o n t r a c t o r ' s  p l a n t  t o  s e r v e  a s  a v e h i c l e  t o  ana lyze  any problems 
found on succeeding  v e h i c l e s  and t o  s e r v e  a s  a t r a i n i n g  a i d  f o r  
t h e  t e s t  crews and miss ion  o p e r a t i o n s  team. 
The PTM i s  used t o  q u a l i f y  t h e  BVS systems.  A f t e r  complet ion 
of t h e  PTM t e s t s ,  t h e  v e h i c l e  i s  shipped t o  KSC t o  a c t  a s  a pa th-  
f i n d e r  i n  t h e  checkout ,  s t e r i l i z a t i o n ,  and launch  f a c i l i t i e s  t o  
v e r i f y  procedures  and p rov ide  crew handl ing  and checkout  t r a i n i n g .  
Sc ience  in s t rumen t s  and t h e i r  a s s o c i a t e d  o p e r a t i o n a l  suppor t  
equipment (OSE) a r e  provided by t h e  government. The schedu le  
shows t h e  d e l i v e r y  requi rement  f o r  t h i s  equipment a t  t h e  c o n t r a c -  
t o r ' s  p l a n t  t o  mate it w i t h  t h e  d a t a  a c q u i s i t i o n  equipment b e f o r e  
i n s t a l l a t i o n  i n  t h e  v e h i c l e .  
7 0  
d. 
1 Development engineering available 
2 Developent hardware available 
3 Critical design rev iew 
4 Qualification resf complete, component 
5 Master gagage for Interface "erifieatian 
6 Orbiter structural model available 
7  Thermal control model available 
8 Orbiter for interface t e s t s  
9 Misrionr operations plan updace 
10 DSN compatibility check 
11 Final space f l ight  operations plan 
12 Mission operations team cert i f ied 
Figure 37.- Phase D Schedule, 1973 Orbital MisSion 
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The OSE schedu le  f o r  t h i s  program i s  p red ica t ed  upon t h e  use  
o f  a computer f o r  checkout procedures .  The Systems Tes t  Complex 
(STC) equipment i s  used f o r  a l l  systems tes t s  a t  t h e  c o n t r a c t o r ' s  
p l a n t  and a t  KSC, t h u s  a s s u r i n g  commonality of  equipment.  T e s t  
equipment and t e s t  t o o l s  a r e  used f o r  component and subsystem 
t e s t s .  
1973 VENUS ORBITAL MISSION 
Program Costs  
Est imated t o t a l  program c o s t  f o r  t h e  1973 Venus o r b i t a l  m i s -  
s i o n  i s  $255 710 000 a s  shown i n  t a b l e  15. T h i s  t o t a l  exc ludes  
$3 190 000 f o r  t h e  development of  t h e  h e a t  s h i e l d  and t h e  f l o t a -  
t i o n  system a s  t h e s e  a r e  cons idered  t o  be  suppor t ing  r e s e a r c h  and 
technology i tems. 
Methodology 
The b a s i s  f o r  t h e  BVS c o s t  i s  t h e  r e f e r e n c e  c o n f i g u r a t i o n  a s  
d e t a i l e d  i n  volume I11 o f  t h i s  r e p o r t .  The work breakdown s t r u c -  
t u r e  ( f i g .  38) i d e n t i f i e s  t h e  c o s t  e lements  t o  which each d e p a r t -  
ment e s t ima ted  l a b o r ,  m a t e r i a l ,  s u b c o n t r a c t ,  and d i r e c t  charge 
requi rements .  Cos t ing  ground r u l e s  a r e  a s  fo l lows:  
1) The program c o n s i s t s  of one launch  from AFETR w i t h  
one complete  backup f l i g h t  a r t i c l e ;  . 
2) Government c o s t s  such  a s  range  s u p p o r t ,  o p e r a t i o n  o f  
DSN, and o t h e r  NASA a c t i v i t i e s ,  i n c l u d i n g  program 
management and t e c h n i c a l  d i r e c t i o n  a r e  excluded;  
3)  All c o s t s  a r e  FY 1968 d o l l a r s ;  
4 )  No f a c i l i t y  c o s t s  a r e  inc luded ;  
5) The d o l l a r s  shown c o n t a i n  l a b o r ,  m a t e r i a l ,  s u b c o n t r a c t ,  
d i r e c t  charges ,  overhead ,  and G&A a p p l i c a t i o n s ,  and 
p r o f i t ;  
6) A l l  s c i e n c e  in s t rumen t s  were assumed t o  be developed 
by i n d u s t r y  w i t h  l i m i t e d  a s s i s t a n c e  from u n i v e r s i t i e s ;  
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8) Launch v e h i c l e  i s  a T i t a n  I I I G ;  
9) S t e r i l i z a t i o n  i s  by d r y  h e a t  o n l y .  
VENUS 1972 FLYBY MISSION 
The mas ter  s chedu le  f o r  t h e  Venus 1972 f l y b y  miss ion  i s  shown 
i n  f i g u r e  39 .  
t h a n  t h e  1973 launch  per iod  major program a c t i v i t y .  T h i s  may i n -  
c r e a s e  t h e  schedu le  and t e c h n i c a l  r i s k s  f o r  t h i s  miss ion .  
T h i s  miss ion  l aunch  per iod  o c c u r s  19 months e a r l i e r  
The major schedule  d i f f e r e n c e s  between t h e  1972 and t h e  1973 
miss ion ,  u s ing  t h e  same assumptions p r e v i o u s l y  s t a t e d  f o r  t h e  1973 
miss ion ,  a r e :  
1) Phase C h a s  been shor tened  from 8 t o  6 months. T h i s  
shor tened  span r e s u l t s  i n  t h e  s p e c , i f i c a t i o n  prepara-  
t i o n ,  d e s i g n  a n a l y s e s ,  and pre l iminary ,  d e s i g n  occur-  
r i n g  s imul t aneous ly ;  
2) Phase D w i l l  immediately fo l low Phase C f o r  t h e  1972 
miss ion ,  r a t h e r  t han  be  sepa ra t ed  by a 2-month Phase 
D n e g o t i a t i o n  p e r i o d ,  a s  provided f o r  i n  t h e  1973 m i s -  
s i o n  schedule .  
The d e s i g n  development phase has  been shor tened  4 months, i n -  
c r e a s i n g  t h e  requi rement  t o  use  p r e v i o u s l y  developed hardware.  
Component q u a l i f i c a t i o n  has  been shor tened  from 1 2  t o  8 months. 
Note t h a t  component q u a l i f i c a t i o n  i s  s t i l l  be ing  conducted w h i l e  
t h e  f l i g h t  a r t i c l e  i s  i n  t h e  f i n a l  assembly and accep tance  t e s t  
phase.  To l e s s e n  t h e  r i s k ,  t h e  method s e l e c t e d  was t o  combine 
t h e  ETM and PTM o b j e c t i v e s  i n t o  one t e s t  a r t i c l e .  The t e s t  a r t i -  
c l e  would be  b u i l t  a s  soon a s  f e a s i b l e  i n  Phase D ,  u s ing  q u a l i f i -  
c a t i o n  conf igured  hardware,  and systems t e s t i n g  would b e  conducted,  
and hardware updated o r  r ep laced  depending on component q u a l i f i c a -  
t i o n  r e s u l t s .  A f t e r  component q u a l i f i c a t i o n  i s  completed,  systems 
q u a l i f i c a t i o n  i s  conducted. 
It  was concluded qha t  t h e  schedu le  r i s k s  involved  make t h e  
1972 miss ion  s i g n i f i c a n t l y  less  a t t r a c t i v e .  For  t h i s  r eason ,  d e -  
t a i l  p l ans  a r e  no t  p re sen ted ;  however, f o r  comparison, t h e  c o s t s  























Program Cost  
Est imated t o t a l  program c o s t  f o r  t h e  1973 Venus f l y b y  miss ion  
i s  $251 457 000 a s  shown i n  t a b l e  16. T h i s  t o t a l  exc ludes  
$3 345 000 f o r  t h e  development o f  t h e  h e a t  s h i e l d  and t h e  f l o t a -  
t i o n  system, a s  t h e s e  a r e  cons idered  t o  be  suppor t ing  r e s e a r c h  
and technology i tems.  
The b a s i s  f o r  t h e  BVS c o s t  i s  t h e  r e f e r e n c e  c o n f i g u r a t i o n  a s  
d e t a i l e d  i n  volume I11 o f  t h i s  r e p o r t .  The work breakdown s t r u c -  
t u r e  ( f i g .  38) and c o s t i n g  ground r u l e s  a r e  t h e  same a s  desc r ibed  
f o r  t h e  1973 o r b i t a l  miss ion .  
1973 VENUS/MERCURY MISSION 
The schedule  f o r  t h e  1973 Venus/Mercury miss ion ,  a s  shown i n  
f i g u r e  4 0 ,  i s  b a s i c a l l y  t h e  same a s  f o r  t h e  1973 o r b i t a l  miss ion .  
The l aunch  per iod  f o r  t h e  Venus/Mercury miss ion  s t a r t s  two weeks 
e a r l i e r ,  which i s  i n s i g n i f i c a n t  when cons ide r ing  t h e  t o t a l  sched- 
u l e  span f o r  t h e  miss ion .  
When comparing t h e  t e c h n i c a l  requi rements  o f  t h e  Venus/Mercury 
miss ion  w i t h  t h e  o r b i t a l  miss ion ,  i t  i s  concluded t h a t  t h e  d i f f e r -  
ences  c r e a t e  no o v e r a l l  impact on t h e  Venus/Mercury miss ion  sched- 
u l e .  The i n e r t i a l  measuring u n i t  r e q u i r e d  f o r  Venus/Mercury may 
become a long- lead  i t e m .  
Program Cost  
The e s t ima ted  t o t a l  program c o s t  f o r  t h e  1973 Venus/Mercury 
miss ion  i s ' $260  818 000 a s  shown i n  t a b l e  1 7 .  T h i s  t o t a l  exc ludes  
$4 375 000 f o r  t h e  development of  t h e  h e a t  s h i e l d  and t h e  f l o t a -  
t i o n  system, a s  t h e s e  a r e  cons idered  t o  be  suppor t ing  r e s e a r c h  and 
technology i tems.  
The b a s i s  f o r  t h e  BVS c o s t  i s  t h e  r e f e r e n c e  c o n f i g u r a t i o n  a s  
d e t a i l e d  i n  volume I11 of  t h i s  r e p o r t .  The work breakdown s t r u c -  
t u r e  ( f i g .  38) and c o s t i n g  ground r u l e s  a r e  t h e  same a s  used f o r  
t h e  1973 o r b i t a l  miss ion .  
Two major c o n f i g u r a t i o n  changes account  f o r  t h e  inc reased  c o s t  
o f  t h e  Venus/Mercury miss ion;  adding an  S-band communications l i n k  
t o  t h e  te lecommunicat ions and a n  i n e r t i a l  measuring u n i t  t o  t h e  
guidance and c o n t r o l .  
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TABLE 16.- TOTAL PROGRAM COST, 1973 FLYBY M I S S I O N  
I t e m  
iuoyant  Venus S t a t i o n  
Program management 
Systems e n g i n e e r i n g ,  i n t e g r a t i o n  and 
t e s t  
BVS hardware  
S t r u c t u r e s  and  the rma l  
P r  opu 1 s i o n  
A e r  os he  11 
Ba l loon  f l o t a t i o n  
Guidance and  c o n t r o l  
Power, pyro  and  c a b l i n g  
Te l e c  o m u n i c a  t i o n s  
Sc ience  
P roduc t ion  s e r v i c e s  
System o p e r a t i o n a l  s u p p o r t  equipment 
Miss i o n  o p e r a t i o n s  
Logis  t i c s  
S u b t o t a l  BVS 
Subsonic probe  
Yiss i o n  i n t e g r a  t i o n  
BVS s c i e n c e  
S p a c e c r a f t  
Launch v e h i c l e  
T o t a l  program c o s t  
Phase  C 
















3 s t ,  FY68 d o l l a r s  
Phase  D 















T o t a l  
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TABLE 17.-  TOTAL PROGRAM COST, 1973 VENUSIMERCURY MISSION 
I I t e m  
Buoyant Venus S t a t i o n  
Program management 
Systems e n g i n e e r i n g  i n t e g r a t i o n  and  
tes t  
BVS hardware  
S t r u c t u r e  and  the rma l  
P r o p u l s i o n  
Aeros he1  1 
Ba l loon  f l o t a t i o n  
Guidance and  c o n t r o l  
Power, pyro,  and c a b l i n g  
Te 1 e c  ommun i c  a t i ons 
Sc i e n c  e 
Produc t ion  s e r v i c e s  
System o p e r a t i o n a l  s u p p o r t  equipment 
Miss ion  o p e r a t i o n s  
Logis  t i c s  
S u b t o t a l  BVS 
Subsonic probe 
Miss ion  i n t e g r a t i o n  
BVS s c i e n c e  
S p a c e c r a f t  
Launch v e h i c l e  
T o t a l  program c o s t  
I 
Phase  C 
















s t ,  FY68 d o l l  
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SUPPORTING RESEARCH AND TECHNOLOGY (SRT) 
The r e s u l t s  o f  t h i s  s tudy  have determined t h e  requirement  f o r  
development programs t o  be i n i t i a t e d  i n  1969 f o r  t h e  BVS f l o t a t i o n  
system and t h e  h e a t  s h i e l d .  Some s c i e n c e  in s t rumen t s  w i l l  a l s o  
r e q u i r e  development. The development programs f o r  t h e  f l o t a t i o n  
system and t h e  h e a t  s h i e l d  a r e  desc r ibed  i n  t h e  fo l lowing  para-  
graphs .  
BVS F l o t a t i o n  System 
The d e s i g n  of  t h e  BVS ba l loon  f l o t a t i o n  system i s  a v i t a l  d e -  
velopment t a s k  and i s  a c r i t i c a l  f a c t o r  i n  t h e  performance o f  t h e  
e n t i r e  program. A schedule  f o r  t h e  development o f  t h i s  system i s  
shown i n  f i g u r e  41. The complet ion o f  t h i s  program c o i n c i d e s  w i t h  
t h e  s t a r t  o f  Phase D f o r  t h e  1973 mission.  The t o t a l  c o s t  f o r  
development of  t h e  f l G t a t i o n  system i s  $1 805 000. 
qui red  t o  accomplish t h e  development program and t h e  e s t ima ted  
c o s t  f o r  each  t a s k  a r e  desc r ibed  below. 
The t a s k s  re- 
M a t e r i a l  tes ts . -  M a t e r i a l s  t e s t s  a r e  desc r ibed  below. 
Ob jec t ive :  To de termine  t h e  b e s t  m a t e r i a l s  f o r  c o n s t r u c t i n g  
a ba l loon  t h a t  w i l l  w i ths t and  s t e r i l i z a t i o n ,  packing,  deployment, 
and t h e  Venus miss ion  environment wi thou t  s i g n i f i c a n t  d e t e r i o r a -  
t i o n .  
Scope: Phase 1 and 2 scope i s  a s  fo l lows:  
1) Phase 1, 
a)  M a t e r i a l s  s e l e c t i o n ,  
b) M a t e r i a l s  c h a r a c t e r i z a t i o n ,  
c) Screening;  
2) Phase 2 ,  
a)  I n v e s t i g a t e  c o n s t r u c t i o n  t echn iques ,  
b) S p e c i a l  environment tests,  
















Output :  Output  i n c l u d e s  
1) M a t e r i a l  s p e c i f i c a t i o n ;  
2) Recommended m a t e r i a l ;  
3 )  Recommended c o n s t r u c t i o n  t echn iques .  
c o s t :  $100 000. 
D i f f u s e r  e v a l u a t i o n . -  D i f f u s e r  e v a l u a t i o n  i s  desc r ibed  below. 
Ob jec t ive :  Develop and b u i l d  an i n f l a t i o n  system d i f f u s e r  
t h a t  w i l l  a l l o w  r a p i d  ba l loon  i n f l a t i o n  from h igh-p res su re  tankage 
blowdown wi thou t  damage t o  t h e  ba l loon .  
Scope: Using r e s u l t s  of  p r e v i o u s l y  de r ived  d a t a ,  des ign  and 
b u i l d  a d i f f u s e r  w i t h  d i f f u s e r  sock  f o r  blowdown t e s t .  Design 
and b u i l d  bo th  an o r i f i c e / n o z z l e  type  and a b a f f l e  t ype  f o r  p a r a l -  
l e l  t e s t i n g .  
Output :  Outputs  i n c l u d e  
1) D i f f u s e r  des ign  requi rements ;  
2) Tes t  r e s u l t s  and recommendations on b e s t  d i f f u s e r  d e -  
s i g n .  
Cost:  $15 000. 
Packing/deployment t e s t s . -  Packing/deployment t e s t s  a r e  d e -  
s c r ibed  below. 
Ob jec t ive :  To de termine  t h e  b e s t  method of  f o l d i n g ,  packing,  
deploying  and i n f l a t i n g  t h e  ba l loon  t o  minimize p o s s i b l e  damage 
t o  ba l loon .  
Scope: The scope i s  a s  fo l lows  
1) Design and b u i l d  ba l loon  c a n i s t e r ;  
2)  Design and b u i l d  deployment t e s t  r i g ;  
3 )  Design and b u i l d  t e s t  i n f l a t i o n  system; 
4 )  Develop f o l d i n g  packing technique;  
5) Perform tes ts .  
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Output: Design criteria for the following are developed. 
1) Balloon handlinglpacking; 
2 )  Balloon canister; 
3) Deployment sequence. 
Cost: $40 000. 
Balloon wind tunnel tests.- Balloon wind tunnel tests are de- 
scribed below. ’ 
Objective: To study the qualitative and quantitative aspects 
of the dynamics of deployment and inflation of a full-scale bal- 
loon in an airstream at the design dynamic pressures. 
5) 
Scope is as follows. 
Use NASAILangley 30x60-ft full-scale wind tunnel; 
Fabricate various balloons; 
Design and build deployment packing rig and simulated 
gondola; 
Design, build necessary mockup inflation system for 
wind tunnel testing; 
Perform wind tunnel tests. 
Output: Output includes 
1) Balloon/canister/deploy specification; 
2) Recommendations for balloon design, deployment se- 
quence. 
cost: $100 000. 
Inflation tank development.- The following paragraphs describe 
inflation tank development. 
Objective: To develop lightweight tanks using filament-wind- 
ing techniques and metal liners. 
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Work s t a t emen t :  Work items i n c l u d e  
1) Develop t echn iques  f o r  bonding t ank  l i n e r  p o r t i o n s  t o  
each  o t h e r ;  
2) Develop boss  des igns  and t r a n s i t i o n  a r e a s  t o  r e l i e v e  
concen t r a t ed  s t r a i n s ;  
3 )  Develop a n a l y t i c a l  t echn iques  t o  r e l a t e  f i l a m e n t  
stresses t o  t a n k  p r e s s u r e ;  
4 )  F a b r i c a t e  t e s t  t anks ;  
5) T e s t  t anks .  
Output :  A t ank  des ign  s p e c i f i c a t i o n  w i l l  be  prepared .  
Cos t :  $300 000. 
F l o t a t i o n  system a i r  d rop  t e s t s . -  These tes ts  a r e  desc r ibed  
below. 
Ob jec t ive :  To d e s i g n  and f a b r i c a t e  a complete  f l o t a t i o n  s y s -  
t e m  and t e s t  under s imula ted  Venus miss ion  c o n d i t i o n s .  
Scope: The scope o f  t h e  e f f o r t  i s  a s  fo l lows .  
1) Design a p r o t o t y p e  f l o t a t i o n  system; 
2)  P r o c u r e / f a b r i c a t e  a l l  r e q u i r e d  hardware f o r  two f l o -  
t a t i o n  sys tems;  
3 )  Assemble and conduct  ground checkout  of  two f l o t a t i o n  
s y s t e m s  ; ;k 
4 )  Conduct drop  t e s t s  ( s i x )  a t  a government f a c i l i t y  such 
a s  Holloman AFB. 
Output:  The o u t p u t  i s  
1) F l o t a t i o n  system des ign  s p e c i f i c a t i o n ;  
2)  P ro to type  d e s i g n  f o r  a b a s i c  f l o t a t i o n  system. 
Wncluded  i n  checkout  a r e  wind t u n n e l  t e s t s  us ing  t h e  Langley 
Resea rch  Center  30x60-f t  wind tunne l  f a c i l i t y .  
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Cost :  $1 250 000. 
The sequence of  t h e  complete BVS f l o t a t i o n  system t e s t  program 
through q u a l i f i c a t i o n  i s  shown i n  f i g u r e  42. 
Hea t S h i  e I d  
The development program i s  designed t o  proceed from r e s o l u t i o n  
of gene ra l  problem a r e a s  f o r  any type  o f  Venus mission t o  a po in t  
be fo re  t h e  s t a r t  o f  Phase C where t h e  miss ion  i s  adequate ly  d e -  
f i ned  w i t h  s p e c i f i c  t e s t i n g  accomplished t o  suppor t  t h e  mission.  
T h i s  s p e c i f i c  t e s t i n g  i s  completed by t h e  t i m e  Phase D s t a r t s  and 
subsequent h e a t  s h i e l d  e f f o r t  app l i ed  d i r e c t l y  t o  t h e  BVS program. 
F igu re  43 shows t h e  proposed schedule  f o r  t h e  development of  t h e  
h e a t  s h i e l d .  
T o t a l  program c o s t s  f o r  t h e  h e a t  s h i e l d  development a r e :  
1) 1973 o r b i t a l  - $1 385 0 0 0 ;  
2 )  1973 Venus/Mercury - $2 570 0 0 0 ;  
3 )  1972 f l y b y  - $1 540 000.  
I tems  4 and 10 ( f i g .  43) a r e  n o t  requi rements  f o r  t h e  1973 
o r b i t a l  miss ion ,  t h u s  account ing  f o r  a l e s s e r  t o t a l  c o s t .  
Because of  t h e  g r e a t e r  e n t r y  v e l o c i t y  r equ i r ed  f o r  t h e  Venus1 
Mercury miss ion  (approximate ly  44 000 f p s ) ,  a g r e a t e r  amount of  
a n a l y s i s  and t e s t i n g  i s  r e q u i r e d .  
The f lyby  mission requi rements  a r e  s i m i l a r  t o  t h e  o r b i t  m i s -  
s i o n  but  do i n c l u d e  t a s k s  4 and 10 ( f i g .  4 3 ) .  The t a s k s  t o  be 
accomplished i n  t h e  development program a r e  a s  fo l lows  ( c o s t  
shown f o r  each t a s k  r e f l e c t s  e f f o r t  f o r  o r b i t a l  o r  f l y b y  miss ion) .  
Task 1, e n t r y  r a d i a n t  and combined h e a t i n g  tes ts  and ana lys i s ; -  
The fo l lowing  paragraphs d i s c u s s  t a s k  1. 
Objec t ive :  To confirm t h e  a b l a t i o n  a n a l y s i s  model f o r  t h e  
deg rada t ion  of  cand ida te  m a t e r i a l s  under t h e s e  h e a t i n g  c o n d i t i o n s  
and t o  e s t a b l i s h  m a t e r i a l  a b l a t i o n  performance c h a r a c t e r i s t i c s  
( p r o p e r t i e s )  f o r  i n p u t s  t o  a n a l y t i c a l  a b l a t i o n  computat ions.  
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Scope: The t a s k  w i l l  be conducted i n  two phases;  Phase I w i l l  
i nvo lve  exposing fou r  o r  f i v e  cand ida te  m a t e r i a l s  t o  v a r i o u s  d i s -  
c r e t e  l e v e l s  of  " rad ian t -only"  h e a t i n g ,  "convect ive-only" h e a t i n g ,  
and s e l e c t e d  combinat ions o f  combined r a d i a n t  and convec t ive  hea t -  
i ng .  
d i c t e d  response  from thermochemical t heo ry  t o  confirm t h e  a n a l y t -  
i c a l  model o r  d i c t a t e  changes.  R e l a t i n g  performance of  t h e  mate- 
r i a l s  w i l l  a l s o  be a s c e r t a i n e d .  I n  Phase 11, a d d i t i o n a l  tes ts  
w i l l  be conducted on one o r  two m a t e r i a l s  t o  e s t a b l i s h  p re l imina ry  
v a l u e s  f o r  t h e  m a t e r i a l  a b l a t i o n  p r o p e r t i e s .  Candidate  m a t e r i a l s  
w i l l  i nc lude  s e v e r a l  v a r i a t i o n s  of t h e  modified ESA-5500 m a t e r i a l .  
Comparison w i l l  be made o f  t h e  t e s t  response  w i t h  t h e  p r e -  
Outputs :  Task 1 o u t p u t s  i n c l u d e  
1 )  R e l a t i v e  m a t e r i a l  performance; 
2) A n a l y t i c a l  model; 
3 )  Pre l imina ry  a b l a t i o n  p r o p e r t i e s  f o r  s e l e c t e d  m a t e r i a l s .  
c o s t :  $220 000. 
Government f a c i l i t y  requi rements :  Ames combined h e a t i n g  f a -  
c i l i t y  ( c u r r e n t  and ' 69  v e r s i o n s ) .  
Task 2 ,  COP - char  r e a c t i o n ,  t e s t s  and a n a l y s i s . -  Task 2 i s  
desc r ibed  below. 
Ob jec t ive :  To e s t a b l i s h  q u a n t i t i v e l y  a method of account ing  
f o r  t h e  presence  of  C 0 2  i n  t h e  Venus atmosphere i n  performing 
thermochemical a b l a t i o n  a n a l y s i s .  
Scope: Extend e x i s t i n g  t e s t  d a t a  on g r a p h i t e  behavior  i n  CO, 
and C02-N2 gas  mixtures  t o  i n c l u d e  c h a r r i n g  a b l a t i v e  m a t e r i a l s  of 
i n t e r e s t  ( i n c l u d i n g  modified ESA-5500), and t o  cover t h e  range  
o f  p r e s s u r e  and convec t ive  h e a t i n g  r a t e s  a n t i c i p a t e d  i n  e n t r y .  
A s c e r t a i n  a n a l y t i c a l l y  whether d i f f e r e n c e s  observed ( r e l a t i v e  t o  
a i r  atmospheres) a r e  due t o  presence  of  atomic s p e c i e s  o r  due t o  
d i f f e r e n t  d i f f u s i o n  c o e f f i c i e n t s .  T e s t s  a r e  conducted i n  t h e  
plasma a r c  under v e r y  c l o s e l y  c o n t r o l  c o n d i t i o n s .  
Output :  An a n a l y t i c a l  procedure w i l l  be developed f o r  p r e -  
d i c t i n g  s u r f a c e  behavior  of  char  i n  presence  of  CO,-N, gas  du r ing  
e n t r y .  
Cost:  $160 000. 
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Task 3 ,  mechanical e r o s i o n ,  a n a l y s i s  and tes t . -  Task 3 i s  d e -  
s c r ibed  below. 
Ob jec t ive :  To e s t a b l i s h  r e c e s s i o n  c h a r a c t e r i s t i c s  o f  candi -  
d a t e  m a t e r i a l s  under c o n d i t i o n s  o f  h igh  s u r f a c e  s h e a r  f o r c e s  ( ae ro -  
dynamic shear )  and t o  de te rmine  an a n a l y t i c a l  model f o r  c o r r e l a t -  
i n g  and p r e d i c t i n g  t h i s  r e c e s s i o n  f o r  s e l e c t e d  m a t e r i a l s .  
Scope: The t a s k  w i l l  be  conducted i n  two phases .  Phase I 
w i l l  i nvo lve  exposing f o u r  o r  f i v e  cand ida te  m a t e r i a l s  t o  v a r i o u s  
l e v e l s  o f  s h e a r ,  h e a t i n g  r a t e ,  and s u r f a c e  tempera ture .  Candi- 
d a t e  m a t e r i a l s  w i l l  i n c l u d e  s e v e r a l  v a r i a t i o n s  of  t h e  modified 
ESA-5500 s i l i c o n e  m a t e r i a l  a s  w e l l  a s  e x i s t i n g  m a t e r i a l s .  I n  
Phase 11, a d d i t i o n a l  t es t s  w i l l  be  conducted on s e l e c t e d  m a t e r i a l s  
f o r  c o r r e l a t i o n  w i t h  a n a l y t i c a l  p rocedures .  
Outputs :  Task 3 o u t p u t s  i n c l u d e  
1) R e l a t i v e  m a t e r i a l  performance; 
2) A n a l y t i c a l  model ; 
3) P re l imina ry  a b l a t i o n  p r o p e r t i e s  f o r  s e l e c t e d  m a t e r i a l s .  
c o s t :  $200 000. 
Task 4 ,  e n t r y  u l t r a v i o l e t  r a d i a t i o n  h e a t i n g  e f f e c t s  on mate- 
r i a l s  s tudy  and f a c i l i t y  f e a s i b i l i t y  s t u d y . -  The fo l lowing  para-  
graphs  d i s c u s s  t a s k  4 .  
Objec t ive :  To de termine  i f  i n t e n s e  uv r a d i a t i o n  causes  a 
d i f f e r e n t  a b l a t o r  deg rada t ion  process  than  i n t e n s e  r a d i a t i o n  i n  
t h e  v i s i b l e  wavelengths  and t o  examine t h e  d e s i r a b i l i t y  and f e a s i -  
b i l i t y  o f  des ign ing  and c o n s t r u c t i n g  a h i g h - i n t e n s i t y  uv m a t e r i a l s  
t e s t  f a c i l i t y .  
Scope: An a b l a t i o n  m a t e r i a l s  eng inee r  and a p h y s i c i s t  w i l l  
examine t h e  problem t h e o r e t i c a l l y  and devise,  i f  p o s s i b l e ,  a l a b -  
o r a t o r y  experiment  t o  demonst ra te  i n f l u e n c e  of  h i g h - i n t e n s i t y  uv 
on carbon and carbonaceous cha r  m a t e r i a l s .  They w i l l  s t udy  t h e  
p o s s i b l e  ways o f  ach iev ing  a uv m a t e r i a l s  t es t  f a c i l i t y ,  i nc lud -  
i n g  an  H2 a r c  and c o n c e n t r a t i n g  energy  from t h e  uv p o r t i o n  o f  an  
argon o r  xenon a r c .  Ways o f  f i l t e r i n g  o u t  unwanted wavelengths  
w i l l  be  examined. 
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Output :  Task 4 o u t p u t s  i n c l u d e  conc lus ions  on t h e  n e c e s s i t y  
f o r  uv t e s t i n g  and conclus ions  on t h e  f e a s i b i l i t y  o f  deve loping  
a uv m a t e r i a l s  t es t  f a c i l i t y .  
c o s t :  $45 000. 
Task 5 ,  f a b r i c a t i o n  process  development.-  The fo l lowing  para-  
graphs d e s c r i b e  t a s k  5 .  
Objec t ive :  To develop t echn iques  f o r  apply ing  a b l a t i v e  mate- 
r i a l s  t o  l a rge -d iame te r  shallow-cone s t r u c t u r e s .  
Scope: Examine techniques  on smal l  f l a t  p a n e l s ,  through i n t e r -  
mediate  s i z e  cones,  and,  f i n a l l y ,  l a rge-d iameter  p a r t s .  I n v e s t i -  
g a t e  s t a g i n g  of  r e s i n  system f o r  b e t t e r  hand l ing ,  p r e s s u r e s  re- 
qui red  f o r  good p a r t s ,  cu re  c y c l e s ,  i n f l u e n c e  of  s t e r i l i z a t i o n  
tempera tures ,  e t c .  Prepare  and main ta in  a h e a t  s h i e l d  f a b r i c a -  
t i o n  process .  Assist i n  development of  m a t e r i a l s  requi rements  
and acceptance  c r i t e r i a .  
Output:  Engineer ing  process  documentation f o r  h e a t  s h i e l d  
w i l l  be  developed. 
c o s t :  $120 000. 
Task 6 ,  m a t e r i a l  s p e c i f i c a t i o n s  development.- Task 6 i s  de- 
s c r i b e d  below. 
Ob jec t ive :  To p repa re  m a t e r i a l  s p e c i f i c a t i o n s  and monitor 
c o n t r o l  t e s t  d a t a  du r ing  e a r l y  purchases  t o  a s c e r t a i n  a degree  of  
m a t e r i a l  r e p r o d u c i b i l i t y .  
Scope: Def ine  t h e  tes ts  t o  be performed t h a t  w i l l  e v a l u a t e  
and c o n t r o l  a l l  raw m a t e r i a l s  used i n  t h e  h e a t  s h i e l d  ( p r i m e r s ,  
r e s i n s ,  c l o t h  c u r i n g  agen t s  f i l l e r  m a t e r i a l s ,  t r ea tmen t  f l u i d s ,  
adhes ives ,  f i b e r  m a t e r i a l s ,  e t c . ) .  Conduct l a b o r a t o r y  s t u d i e s  on 
mixing v a r i a b l e s  and f i l t e r s  t o  c o n t r o l  d e n s i t y .  Eva lua te  v a r i -  
a b l e s  such a s  pot  l i f e ,  p r i m e r  e f f e c t i v e n e s s ,  mois ture  c o n t e n t  
c o n t r o l ,  e t c .  A s s i s t  i n  b a s i c  h e a t  s h i e l d  d e s i g n  concept develop- 
ment. 
Output:  A h e a t  s h i e l d  m a t e r i a l  s p e c i f i c a t i o n  w i l l  be prepared .  
Cost:  $70 000. 
Task 7 ,  thermal  and mechanical p r o p e r t y  t e s t s . -  The fo l lowing  
paragraphs  d e s c r i b e  t a s k  7 .  
Ob jec t ive :  To o b t a i n  v a l u e s  f o r  thermal  and p h y s i c a l  p roper -  
t i e s  o f  c a n d i d a t e  a b l a t i v e  m a t e r i a l s  f o r  i n p u t s  t o  a b l a t i o n  a n a l -  
y s i s  and thermal  stress a n a l y s i s  computer programs. 
Scope: Labora tory   coupon'^' t e s t s  w i l l  be  conducted t o  o b t a i n  
cand ida te  h e a t  s h i e l d  m a t e r i a l  p r o p e r t i e s  i n c l u d i n g  thermal  con- 
d u c t i v e  s p e c i f i c  h e a t ,  s t r e s s l s t r a i n  r e l a t i o n s ,  c o e f f i c i e n t  o f  
expansion and r e a c t i o n  k i n e t i c s .  These w i l l  be  obta ined  t o  sup- 
plement e x i s t i n g  p rope r ty  d a t a  and w i l l  be  concen t r a t ed  on t h e  
modified s i l i c o n e  m a t e r i a l  f o r  which l i t t l e  d a t a  c u r r e n t l y  e x i s t .  
The upper tempera ture  r ange  w i l l  be  2000 t o  3000°F; low tempera- 
t u r e  l i m i t  w i l l  be  -150°F. P r o p e r t y  d a t a  above l a b o r a t o r y  capa-  
b i l i t y  tempera ture  w i l l  be  de r ived  from a b l a t i o n  t e s t s  i n  a r c  and 
r a d i a n t  f a c i l i t i e s  ( s e e  t a s k s  1 t h r u  4 ) .  
Output :  M a t e r i a l  p r o p e r t y  v s  tempera ture  d a t a  w i l l  be  d e v e l -  
oped. 
Cost:  $125 000. 
Task 8 ,  nonent ry  environmental  t e s t s . -  The fo l lowing  paragraphs  
d e s c r i b e  t a s k  8 .  
Objeo t ive :  To e v a l u a t e  t h e  c o m p a t i b i l i t y  o f  h e a t  s h i e l d  mate- 
r i a l s  w i t h  t h e  environment encountered from f a b r i c a t i o n  t o  t h e  
s t a r t  o f  a tmospher ic  e n t r y  a t  Venus. 
Scope: Expose cand ida te  h e a t  s h i e l d  m a t e r i a l s  t o  environment- 
a l  c o n d i t i o n s  e s t a b l i s h e d  f o r  each phase o f  the miss ion  exc luding  
e n t r y ,  and measure any change i n  p r o p e r t i e s  t h a t  e f f e c t  e n t r y  p e r -  
formance, e . g . ,  c o n d u c t i v i t y ,  e l a s t i c  modulus, s t r e s s / s t r a i n  char -  
a c t e r i s t i c s ,  e tc .  Also, measure e f f e c t s  of  o f f g a s s i n g  p roduc t s  
r e l a t i v e  t o  d e p o s i t i o n  on o p t i c a l  o r  thermal  c o n t r o l  s u r f a c e s .  
The exposures  w i l l  i n c l u d e  humidi ty ,  vacuum, t empera tu re ,  r a d i a -  
t i o n ,  and c o n t a c t  w i t h  thermal  c o n t r o l  c o a t i n g .  
Output:  Task 8 o u t p u t  w i l l  i n c l u d e  d a t a  on t h e  r e l a t i v e  p e r -  
formance of  a b l a t i v e  m a t e r i a l s  and s p e c i f i c  performance o f  s e l e c t e d  
m a t e r i a l s  under t h e  exposures  l i s t e d  above. 
c o s t :  $110 000. 
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Task 9 ,  a b l a t i o n  a n a l y s i s  computer program update . -  Task 9 i s  
desc r ibed  below. 
Ob jec t ive :  To i n c l u d e  t h e  c a p a b i l i t y  f o r  handl ing  t h e  a s p e c t s  
o f  a b l a t i o n  p e c u l i a r  t o  Venus e n t r y  i n  t h e  e x i s t i n g  T-CAP a b l a t o r  
program. 
Scope: The f i n d i n g s  o f  t h e  s t u d i e s  concern ing  t h e  C0,-char 
r e a c t i o n ,  combined r a d i a t i v e  and convec t ive  h e a t i n g  uv i n f l u e n c e ,  
and mechanical e r o s i o n  w i l l  be  inco rpora t ed  i n t o  t h e  e x i s t i n g  
computer program. 
Output:  Cur ren t  programs w i l l  be r e v i s e d  t o  i n c l u d e  boundary 
l a y e r / a b l a t o r  i n t e r a c t i o n  update  and i n t e r n a l  r e a c t i o n s  i n  c h a r  
update .  
c o s t :  $110 000. 
Task 10,  h e a t  s h i e l d  thermal  s t ress  and l o a d s  s t ress  a n a l y s i s  
and tes t . -  The fo l lowing  paragraphs  d e s c r i b e  t a s k  10. 
Objec t ive :  To de termine  t h e  i n f l u e n c e  o f  tempera ture  g r a d i e n t s  
through t h e  a b l a t o r  on 
1) Tendency f o r  s u r f a c e  s p a l l a t i o n  o r  c rack ing  du r ing  
e n t r y  and du r ing  co ld  soak b e f o r e  e n t r y ;  
2) O v e r a l l  tendency o f  a b l a t o r  t o  p u l l  away from sub- 
s t r a t e  du r ing  e n t r y  and du r ing  co ld  soak b e f o r e  e n t r y .  
Scope: Thermal s t ress  ana lyses  w i l l  be made f o r  t h r e e  candi -  
d a t e  m a t e r i a l s  i n c l u d i n g  r i g i d  h igh -dens i ty  m a t e r i a l ,  r i g i d  low- 
d e n s i t y  m a t e r i a l ,  and an e l a s t o m e r i c  m a t e r i a l  f o r  t h e  two condi-  
t i o n s  l i s t e d  above. I n  a d d i t i o n ,  t e s t s  w i l l  be de f ined  and con- 
duc ted  on scaled-down h e a t  s h i e l d  p a r t s .  M a t e r i a l  p r o p e r t i e s  used 
w i l l  be ob ta ined  from e x i s t i n g  d a t a  supplemented by t a s k  7 r e s u l t s .  
Heat ing  w i l l  be  provided e i t h e r  by l a r g e  nozz le  plasma a r c ,  r a d i a -  
t i v e  lamps, o r  s u r f a c e  r e s i s t a n c e  h e a t e r s  a s  determined du r ing  
experiment  d e s i g n  phase.  
Output :  Q u a n t i t i v e  in fo rma t ion  w i l l  be  developed r e l a t i v e  t o  
thermal  s t ress  behavior  o f  c a n d i d a t e  m a t e r i a l s ,  and a p r e l i m i n a r y  
e s t i m a t e  o f  thermal  stress levels  du r ing  a n t i c i p a t e d  miss ions  w i l l  
b e  prepared.  
c o s t :  $90 000. 
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Task 11, a b l a t i o n  a n a l y s i s  suppor t  o f  miss ion  a n a l y s i s  and 
v e h i c l e  c o n f i g u r a t i o n  s t u d i e s . -  Task 11 i s  desc r ibed  below. 
Ob jec t ive :  To ma in ta in  an  up- to-da te  se t  of  e n t r y  environment 
c o n d i t i o n s  f o r  use  i n  d e f i n i n g  tes t  programs such a s  t a s k s  involv-  
i n g  CO,, uv, combined h e a t i n g ,  thermal  s t ress ,  e t c . ;  and t o  a s s i s t  
i n  miss ion  s e l e c t i o n  and v e h i c l e  c o n f i g u r a t i o n  s t u d i e s .  
Scope: Conduct a b l a t i o n  a n a l y s e s  f o r  v a r i o u s  m a t e r i a l s  con- 
f i g u r a t i o n s  and miss ions  a s  r e q u i r e d .  Use e x i s t i n g  T-CAP I11 com- 
pu te r  program and e x i s t i n g  a b l a t i o n  p r o p e r t y  d a t a .  
Output :  Heat s h i e l d  t h i c k n e s s  r equ i r emen t s ,  t empera ture  g ra -  
d i e n t s ,  backface  t empera tu res ,  e t c .  w i l l  be developed f o r  v a r i o u s  
miss ions  and c o n f i g u r a t i o n s .  
c o s t :  $75 000. 
Task 1 2 ,  d e s i g n  m a t e r i a l  p r o p e r t y  tes ts  and conf i rma t ion  of 
a b l a t i o n  a n a l y s i s  model.- The fo l lowing  paragraphs d e s c r i b e  t a s k  
1 2 .  
Ob jec t ive :  To e s t a b l i s h  t h e  c h a r a c t e r i s t i c  m a t e r i a l  perform- 
ance parameters  o f  t h s  s e l e c t e d  m a t e r i a l s  a t  c o n d i t i o n s  r ep resen -  
t a t i v e  o f  c r i t i c a l  times i n  t h e  a n t i c i p a t e d  e n t r y  t r a j e c t o r y ;  and 
t o  conf i rm t h e  a n a l y s i s  model and procedures  used i n  a b l a t i v e  
des ign  computat ions.  
Scope: Small  models w i l l  be  exposed i n  t h e  r a d i a n t  h e a t ,  con- 
v e c t i v e  h e a t ,  combined h e a t ,  and shea r  f o r c e  f a c i l i t i e s  a t  l e v e l s  
s e l e c t e d  from s p e c i f i c  e n t r y  t r a j e c t o r y  environment p l o t s .  Suf-  
f i c i e n t  numbers o f  models w i l l  be  tes ted a t  each p o i n t  t o  e s t a b -  
l i s h  s c a t t e r  p a t t e r n s .  A l i m i t e d  number o f  h e a t  p o i n t s  w i l l  b e  
s e l e c t e d .  A second type  o f  t e s t i n g  w i l l  i nvo lve  conduct ing t i m e -  
dependent h e a t  p u l s e  t e s t s  t o  compare w i t h  a n a l y s i s  r e s u l t s  ( t e m -  
p e r a t u r e  r e c e s s i o n  and c h a r  dep th  h i s t o r i e s )  c a l c u l a t e d  us ing  t h e  
t e s t  h e a t  p u l s e  a s  t h e  i n p u t .  Agreement w i l l  c o n s t i t u t e  q u a l i f i -  
c a t i o n  of t h e  a n a l y s i s  procedure (model) and t h e  d e s i g n  p r o p e r t i e s .  
Output :  Task 12 o u t p u t s  i n c l u d e  
1) Design p r o p e r t i e s  o f  selected a b l a t o r ;  
2) Confirmation of ablation analysis procedure. 
Government f a c i l i t i e s ,  modes, m a t e r i a l s :  The Ames  combined 
h e a t i n g  f a c i l i t y  . 
Cost :  $145 000. 
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Task  13, des ign  c r i t e r i a  development.- The fo l lowing  paragraphs  
d e s c r i b e  t a s k  13. 
O b j e c t i v e :  To e s t a b l i s h  a set  of  c r i t e r i a  f o r  t h e  d e s i g n  o f  
t h e  h e a t  p r o t e c t i o n  system t h a t  w i l l  y i e l d  a system capab le  o f  
meeting t h e  miss ion  o b j e c t i v e s  w i t h  a conf idence  l e v e l  c o n s i s t e n t  
w i t h  t h a t  of  t h e  r e s t  of t h e  v e h i c l e  subsystems. 
Scope: F i r s t ,  a q u a n t i t i v e  e s t i m a t e  o f  t h e  v a r i a b i l i t y  ( f re-  
quency d i s t r i b u t i o n  of each  parameter i n f l u e n c i n g  t h e  h e a t  s h i e l d  
des ign  w i l l  be o b t a i n e d .  Next, s e n s i t i v i t i e s  of  h e a t  s h i e l d  r e -  
sponse t o  v a r i o u s  l e v e l s  of t h e s e  parameters  w i l l  be e s t a b l i s h e d  
(by use o f  t h e  a b l a t i o n  a n a l y s i s  computer programs). F i n a l l y ,  t h e  
n e t  v a r i a t i o n  i n  t h e  o u t p u t  q u a n t i t i e s  of t h e  h e a t  s h i e l d  d e s i g n ,  
i . e . ,  t h i c k n e s s  r e q u i r e d ,  s u r f a c e  r e c e s s i o n ,  i n t e r n a l  t empera tu re  
and cha r  p e n e t r a t i o n  dep ths  w i l l  be  c a l c u l a t e d  f o r  t h e  a n t i c i p a t e d  
r ange  o f  v a r i a t i o n  o f  i n p u t  parameters ,  i . e . ,  h e a t i n g  r a t e  p r e d i c -  
t a b i l i t y ,  a tmospher ic  d e n s i t y  v a r i a t i o n s ,  e n t r y  a n g l e  v a r i a t i o n s ,  
m a t e r i a l  p r o p e r t y  v a r i a t i o n s ,  e t c .  These r e s u l t s  ( o u t p u t  v a r i a -  
t i o n s )  w i l l  be used t o  e s t a b l i s h  r e q u i r e d  t o l e r a n c e s  on des ign  
t empera tu res ,  r e c e s s i o n ,  e t c . ,  o r  t o  e s t a b l i s h  f a c t o r s  t o  u s e  on 
i n p u t  q u a n t i t i e s  such a s  h e a t i n g  r a t e s ,  p r e s s u r e s ,  etc.  
Output:  Heat s h i e l d  d e s i g n  c r i t e r i a  w i l l  be developed. 
Cost:  $70 000. 
A flow i f  a l l  t es t  a c t i v i t i e s  a s s o c i a t e d  w i t h  t h e  h e a t  s h i e l d  
i s  shown i n  f i g u r e  44. 
Sc ience  I n s t r u m e n t s  
For t h e  purposes  of t h i s  program p lan ,  i t  has  been assumed 
t h a t  t h e  s c i e n c e  in s t rumen t s  would be  supp l i ed  by t h e  government. 
A l l  p lanning  and c o s t  d a t a  p re sen ted  h e r e i n  r e f l e c t  t h i s  ground 
r u l e .  However, t o  p r e s e n t  a complete p l a n  f o r  t h e  BVS system, 
c o n s i d e r a t i o n  must be made o f  t h e  c o s t  and schedu le  e f f e c t s  o f  
t h e s e  in s t rumen t s .  Tab le  18 p r e s e n t s  a composite p i c t u r e  of  t h e  
s c i e n c e  in s t rumen t s  used on t h e  t h r e e  mis s ions .  These a r e  i n s t r u -  
ments l o c a t e d  i n  t h e  BVS only.  The l i s t  remains t h e  same f o r  each  
mission.  
Es t imated  l e a d  t i m e s  and c o s t  f o r  technology development and/ 
o r  new des ign  i s  inc luded  under t h e  "Development" columns. 
u l e  and c o s t  f o r  t h o s e  items t h a t  a r e  s p e c i f i c a l l y  a l l o c a t e d  t o  a 
miss ion  a r e  inc luded  under t h e  "Production" columns. T h i s  i n c l u d e s  
any q u a l i f i c a t i o n  t e s t i n g  necessa ry .  F i g u r e  45 d e p i c t s  t h e  gener -  
a l  development flow of  a t y p i c a l  s c i e n c e  in s t rumen t .  
Sched- 
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TABLE 18 .- SCIENCE INSTRUMENTS 
Science  experiments 
T r  i a x i a  1 acce le romete r  
P r e s s u r e  s e n s o r s  ’ 
Temperature sens  o r  s 
H,O vapor senso r  
Light  b a c k s c a t t e r  
So la r  a s p e c t  a n g l e  senso r  
V i  sua  1 photometer 
Mass spec t romete r  
Beta source  dens i tometer  
I n s o l a t i o n  r ad iomete r  
W photometers 
Gas chromatograph 




S t a t e  of development 
Cur ren t  
Cur ren t  
Cur ren t  
New 
New 
Cur ren t  
Cur ren t  
Cur ren t  
Cur ren t  
Cur r en t 
Cur ren t  
Cur ren t  
New 
New 
Techno 1 ogy 
Cur ren t  
Curren t  
Cur ren t  
New 
Cur ren t  
Cur ren t  
Cur ren t  
Cur r en t 
Cur ren t  
Cur ren t  
Cur ren t  
Cur ren t  
New 
Cur ren t  










1 2  
1 2  
1 2  
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DEVELOPMENT REQUIREMENTS 
N o  s i g n i f i c a n t  d i f f e r e n c e s  i n  technology requi rements  have 
been i d e n t i f i e d  f o r  t h e  t h r e e  mis s ions ,  excep t  t o  t h e  e x t e n t  t h a t  
t h e  1972 miss ion  provides  more s t r i n g e n t  s chedu le  r equ i r emen t s .  
It i s  recognized  t h a t  f o r  e i t h e r  1972 o r  1973, t h e  development of 
many of t h e  i n d i v i d u a l  systems and components w i l l  r e p r e s e n t  a con- 
s i d e r a b l e  c h a l l e n g e ,  such as development of s t e r i l i z a b l e  o r  high- 
a c c e l e r a t i o n  equipment; however , w i t h  few excep t ions  , t h e  systems 
d e s c r i b e d  are w i t h i n  t h e  s ta te  of t h e  a r t  and w i l l  n o t  r e p r e s e n t  
s i g n i f i c a n t  development r i s k .  
ATMOSPHERIC ENTRY 
The mis s ions  under c o n s i d e r a t i o n  invo lve  severe e n t r y  envi ron-  
ments as a r e s u l t  of approach v e l o c i t i e s  r ang ing  from 32 000 t o  
44 000 f p s .  A t t e m p t s  t o  reduce  t h e s e  v e l o c i t i e s  by modifying t h e  
launch windows do n o t  produce s i g n i f i c a n t  r e s u l t s .  (The e n t r y  
environments are d i s c u s s e d  i n  more d e t a i l  i n  volume I1 of t h i s  
r e p o r t  .) 
Heat S h i e l d  Cons ide ra t ions  
Although wide v a r i a t i o n s  i n  e n t r y  c o n d i t i o n s  are involved  i n  
t h e  t h r e e  Venus miss ions  s t u d i e d ,  it appea r s  t h a t  e s s e n t i a l l y  
s t a t e - o f - t h e  a r t  a b l a t i v e  material systems can  provide  t h e  re- 
q u i r e d  p r o t e c t i o n  f o r  t h e  a e r o s h e l l  s t r u c t u r e  f o r  any of t h e  
mis s ions .  One of t h e s e  materials, c a r b o n - f i b e r  r e i n f o r c e d  pheno- 
l i c ,  appea r s  c a p a b l e  of p rov id ing  p r o t e c t i o n  throughout  t h e  e n t i r e  
r ange  of m i s s i o n s ;  however, o t h e r  materials appear  more d e s i r a b l e  
f o r  t h e  lower and i n t e r m e d i a t e  v e l o c i t y  mis s ions  because  of t h e i r  
lower d e n s i t y  (lower h e a t  s h i e l d  weight )  and t h e i r  f l e x i b i l i t y .  
I n  p a r t i c u l a r ,  a modi f ied  v e r s i o n  of a s t a t e - o f - t h e - a r t  e l a s t o -  
meric material ,  a ca rbon- re in fo rced  s i l i c o n e ,  a f f o r d s  such ad- 
van tages  f o r  t h e  d i r e c t  (36 000 t o  38 0 0 0 - f p s )  and o r b i t a l  e n t r i e s  
(32 000 f p s ) .  
The s u b j e c t  of v a r i o u s  material p o s s i b i l i t i e s  i s  d i s c u s s e d  
e l sewhere ;  however, a l l  c a n d i d a t e  materials have a common r e q u i r e -  
ment f o r  fo rmula t ion  and f a b r i c a t i o n  development t o  adap t  them 
t o  t h e  BVS a e r o s h e l l  c o n f i g u r a t i o n  and p r e f l i g h t  sequence of 
e v e n t s ,  e .g . ,  s t e r i l i z a t i o n  and decontaminat ion  procedures and 
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a requirement  f o r  s u b s t a n t i a l  t e s t i n g  t o  c h a r a c t e r i z e  t h e i r  per -  
formance i n  t h e  Venus e n t r y  environment.  These tes ts  are r e q u i r e d  
i n  s p i t e  of t h e  e x t e n s i v e  background of e a r t h  e n t r y  f l i g h t s  and 
ground tes ts  e x i s t i n g  f o r  several of t h e  c a n d i d a t e  a b l a t i v e  m a -  
terials f o r  several reasons .  
up of the Venus atmosphere,  t h e  h igh  percentage  of 0 2  i n  t h e  a t -  
mosphere, and the h igh  e n t r y  veloci t ies  combine t o  produce some 
unique c o n d i t i o n s ,  i nc lud ing :  
F i r s t ;  the more r a p i d  d e n s i t y  b u i l d -  
~- 
1) High l e v e l s  of r a d i a t i o n  h e a t i n g  from shock l a y e r  
2 )  
3 )  C0,-char r e a c t i o n s ;  
4 )  S i g n i f i c a n t  s u r f a c e  shea r  l e v e l s  i n  combination w i t h  
h igh  s u r f a c e  tempera tures  occur over an extremely 
l a r g e  area of t h e  v e h i c l e .  
gases  ; 
Concent ra t ion  of t h e  r a d i a t i o n  i n  t h e  uv wavelengths;  
Second, t h e  use  of r i g i d  materials such as carbon phenol ic  w i th  
t h e  BVS c o n f i g u r a t i o n  in t roduces  p o t e n t i a l  problems w i t h  thermal  
and load-induced stresses,  which have been of . less concern i n  
prev ious  a p p l i c a t i o n s  
The h e a t  s h i e l d  des ign  and weight  s t u d i e s  conducted i n  sup- 
p o r t  of t h e  miss ion  ana lyses  and r e p o r t e d  h e r e i n  have accounted 
f o r  t h e  above f a c t o r s  i n  what i s  b e l i e v e d  t o  be  a c o n s e r v a t i v e  
f a sh ion ,  b u t  conf i rma t ion  of t h e  c h a r a c t e r i s t i c s  of material re- 
sponse by ground tes ts  i s  r e q u i r e d .  The degree  of completeness 
wi th  which such ground tes t  programs can b e  accomplished dec reases  
wi th  i n c r e a s i n g  v e l o c i t y .  This  r e s u l t s  i n  an  inc reased  dependence 
on a n a l y s i s  and,  consequent ly ,  an inc reased  though s t i l l  accep t -  
a b l e  r i s k  l e v e l  a s s o c i a t e d  w i t h  t h e  des igns  f o r  h igh  v e l o c i t y  
miss ions .  
A program f o r  t h e  development of t h e  h e a t  s h i e l d  cou ld  be  
conducted i n  fou r  phases as summarized below. 
F i r s t ,  s m a l l  models of s e v e r a l  d i f f e r e n t  materials would be  
exposed t o  s e l e c t e d  levels of combined r a d i a t i v e  and convec t ive  
h e a t i n g  i n  rad ia t ion-supplemented  plasma arc h e a t  sou rces  (Ames 
f a c i l i t y  p r i m a r i l y )  , t o  shea r  f o r c e s  a t  h igh  tempera tures  i n  
p i p e  f low tes t s  (p lasma arc f a c i l i t y ) ,  and t o  "splash" t es t s  i n  
a C0,-operated plasma arc t o  o b t a i n  comparat ive performance and 
t o  e s t a b l i s h  an a b l a t i o n  model f o r  t h e  v a r i o u s  mechanisms of deg- 
r a d a t i o n  involved.  Second, material c a n d i d a t e s  would be  narrowed 
t o  one o r  two, and a d d i t i o n a l  tests would be conducted t o  v e r i f y  
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t h e  a b l a t i o n  mechanism model and t o  e s t a b l i s h  p r e l i m i n a r y  a b l a -  
t i o n  p r o p e r t y  d a t a .  I n  t h e  t h i r d  phase, t h e  material(s)  s e l e c t e d  
would be comple t e ly  c h a r a c t e r i z e d  by in -dep th  t e s t i n g  a t  tes t  
p o i n t s  r e p r e s e n t a t i v e  of c r i t i c a l  c o n d i t i o n s  i n  t h e  a n t i c i p a t e d  
mis s ion  p r o f i l e .  F i n a l l y ,  t h e r m a l - s t r u c t u r a l  v e r i f i c a t i o n  would 
be  conducted  on l a r g e - s c a l e  parts of t h e  a e r o s h e l l  w i t h  t h e  h e a t  
s h i e l d  i n s t a l l e d .  F a c i l i t i e s  f o r  t h e  lat ter tests would depend 
on f i n a l  des ign  and might i n c l u d e  u s e  of l a r g e - n o z z l e  plasma arcs,  
banks of r e s i s t a n c e  h e a t e r  e lements ,  o r ,  conce ivab ly ,  l a r g e  com- 
b u s t i o n  dev ices  ( r o c k e t  eng ine  e x h a u s t s ) .  Concurren t  w i t h  t h e  
e a r l y  phases of t h e  program would be uv r a d i a t i o n  exposure  e x p e r i -  
ments, material a n d  f a b r i c a t i o n  process  development work, and ex- 
posure  of materials t o  t h e  nonen t ry  envi ronmenta l  aspects of  t h e  
miss ion .  Also  inc luded  would be  thermal  stress pane l  tests.  
A r e q u i r e d  c o r o l l a r y  program to  the material development 
program i s  one concerned w i t h  the p r e d i c t i v e  methods f o r  r a d i a -  
t i v e  h e a t  t r a n s f e r  t o  t h e  v e h i c l e  s u r f a c e  from t h e  shock l a y e r  
gases .  A t  p r e s e n t ,  l i t t l e  shock t u b e  d a t a  are a v a i l a b l e  f o r  h igh  
pe rcen tage  CO, gas mixtures  f o r  e i t h e r  e q u i l i b r i u m  or  nonequ i l ib -  
r ium c o n d i t i o n s .  A l so ,  t h e  q u e s t i o n  of t h e  i n f l u e n c e  of absorp-  
t i o n  by a b l a t i v e  products  of r a d i a n t  energy  has n o t  been t r e a t e d  
thoroughly  as y e t .  An expe r imen ta l  and t h e o r e t i c a l  program t o  
e s t a b l i s h  r a d i a t i o n  h e a t i n g  t echn iques  should  be conducted t o  re- 
duce t h e  requi rement  f o r  t h e  l a r g e  t o l e r a n c e s  on h e a t i n g  c u r r e n t l y  
employed and t o  remove any  q u e s t i o n  than even h ighe r  ones shou ld  
have been employed. 
The major impact on t h e  h e a t  s h i e l d  des ign  of i n c r e a s i n g  t h e  
e n t r y  v e l o c i t y  t o  44 000 f p s  f o r  Mercury swingby mis s ions  i s  seen 
t o  be  l i m i t i n g  c a n d i d a t e  materials t o  t h e  r i g i d ,  dense a b l a t o r s  
because  of t h e  i n c r e a s e d  r e c e s s i o n  p o t e n t i a l  t h a t  s t e p s  up t h e  
h e a t  s h i e l d  weight and i n c r e a s e s  t h e  requi rement  f o r  l a r g e - s c a l e  
t e s t i n g .  It i n c r e a s e s  t h e  u n c e r t a i n t y  of r a d i a t i o n  h e a t i n g  pre-  
d i c t i o n s  and it makes a less complete s i m u l a t i o n  of combined 
e n t r y  parameters p o s s i b l e .  A l l  of t h e s e  f a c t o r s  r e s u l t  i n  i n -  
c r e a s e d  program c o s t s .  
D i f f e r e n c e s  i n  t h e  h e a t  s h i e l d  between t h e  32 000 and 38 000 
f p s  are less pronounced, w i t h  t h e  r e d u c t i o n  of uv r a d i a t i o n  i n -  
t e n s i t y  and t h e  e x i s t e n c e  of r e l a t i v e l y  low s u r f a c e  t empera tu res  
s i m p l i f y i n g  t h e  t e s t  s i t u a t i o n ,  b u t  n o t  n e c e s s a r i l y  changing t h e  
material s e l e c t i o n  p i c t u r e .  
The achievement of an unde r s t and ing  of t h e  a b l a t i v e  material  
r e sponse  through t e s t i n g  and a n a l y s i s ,  as w e l l  as developing  a 
b e t t e r  unde r s t and ing  of t h e  s u b j e c t  of r a d i a t i v e  h e a t i n g  p r e d i c -  
t i o n ,  r e p r e s e n t  technology developments t h a t  are n e c e s s a r y  t o  t h e  
achievement of a r e l i a b l e  h e a t  p r o t e c t i o n  system f o r  any of t h e  
BVS miss ions .  
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Dece le ra t ion  Cons i d e r a t i o n  
The d e c e l e r a t i o n  environment,  wh i l e  s eve re ,  i s  cons ide red  t o  
be  w i t h i n  t h e  c a p a b i l i t y  of e x i s t i n g  des ign  t echn iques ,  a l though  
problems may be encountered i n  t h e  area of development of t h e  
s c i e n c e  in s t rumen ta t ion .  
FLOTATION SYSTEM 
The ba l loon  syn thes i zed  f o r  t h e  miss ion  under c o n s i d e r a t i o n  
i s  an 1 8 - f t  hydrogen- f i l l ed  supe rp res su re  ba l loon .  It  i s  i d e n t i -  
c a l  f o r  a l l  t h r e e  mis s ions ,  e x t r a c t e d  from i t s  c o n t a i n e r  by a 
parachute  and i n f l a t e d  by blowdown of h igh  p r e s s u r e  hydrogen gas 
from manifolded tankage.  A l l  ope ra t ions  are performed a t  l o w ,  
subsonic  v e l o c i t i e s  -- t h e  ba l loon  i n f l a t i o n  a t  less than  30 f p s  
(q = 1 l b / f t 2 ) ,  and,  a t  t h e  t ime of deployment, t h e  b a l l o o n  con- 
t a i n e r  p r e s s u r e  w i l l  approximate ly  equa l  t h e  ambient p r e s s u r e  
(-9 p s i a ) .  
Gene ra l ly  , similar  ba 1 loons ( superpr  es s u r e  , Mylar cons t r u c  - 
t i o n )  have been flown s u c c e s s f u l l y  f o r  long  d u r a t i o n  by Na t iona l  
Center  f o r  Atmospheric Research (NCAR) under t h e  GHOST program 
and deployments under s imilar  flow c o n d i t i o n s  have been accom- 
p l i s h e d  by A i r  Force  Cambridge Research Laboratory.  
This  concept  has  been e x t e n s i v e l y  s imula t ed  by computer 
model (see v o l .  111 of t h i s  r e p o r t )  and has  proven t o  be gene ra l -  
l y  i n s e n s i t i v e  t o  i n f l a t i o n  r a t e ,  a l t i t u d e ,  o r  a tmospheric  model. 
By v i r t u e  of t h e  des ign ,  wherein t h e  hydrogen i s  i n i t i a l l y  coo led  
by expansion,  it i s  p o s s i b l e  t o  f i l l  w i t h  an i n i t i a l  excess of ' 
gas t h a t  i s  ven ted  through a p r e s s u r e - r e l i e f  system as t h e  gas  
w a r m s .  I n  t h i s  manner, t h e  requirement  t o  meter a p r e c i s e  amount 
of gas i s  avoided,  and t h e  system i s  a b l e  t o  adap t  t o  a r ange  of 
a tmospheric  c o n d i t i o n s .  
A system (deployed remote ly ,  des igned  f o r  s t e r i l i z a t i o n ,  long-  
t e r m  s t o r a g e ,  h igh  r e l i a b i l i t y  w i t h  no p inho le ing )  must b e  develop- 
ed and demonstrated.  
ment may be summarized as fo l lows :  
The problems a n t i c i p a t e d  i n  such a develop-  
1) S e l e c t i o n  of a material s u i t a b l e  f o r  t h e  environmental  
2 )  Development of f a b r i c a t i o n  techniques  f o r  b e s t  c o n t r o l  
3)  Demonstration of a complete  f l o t a t i o n  system. 
requi rements  ( p a r t i c u l a r l y  s t e r i l i z a t i o n ) ;  
of t h e  p r o p e r t i e s  of t h e  manufactured b a l l o o n ;  
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A development p l an  f o r  t h i s  system is  d e s c r i b e d  i n  t h i s  re- 
p o r t .  
OTHER TECHNOLOGY 
Other des ign  and s t u d y  i t e m s  of i n t e r e s t  are l i s t e d  i n  t a b l e  
19 .  A s  i n d i c a t e d  each of t h e s e  would enhance t h e  buoyant s t a t i o n  
miss ion  a l though  t h e y  are n o t  n e c e s s a r i l y  c r i t i c a l  t o  t h e  f e a s i -  
b i l i t y  of t h e  miss ion .  
Table  20 l i s t s  t h e  major areas of system des ign  t h a t  have 
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TABLE 20 .- HARDFTARE DEVELOPMENT FOR BASELINE SYSTEM 
I Item 
Experiments 

















Super pr e s sure 








1.2 to 15.6 A-hr 




cone ablator, 8.5- 




New techno logy 
Develop for high temper- 
ature + pressure 
In development, design 
based on NCAR-ghost bal- 
loons 
Development required. 
Development for boron and 
carbon filament tanka 
appears more promising, 
save 30 lb 
Under development by Elec- 
tric Storage Battery Co. 
(JPL contracts) 
Biofilter requires develop- 
ment 
In development at Martin 
Marietta Corporation, 
ESA 5500 (M) 
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c ONCLUS I O N  s 
The Buoyant Venus S t a t i o n  i s  f e a s i b l e  f o r  c o n s i d e r a t i o n  f o r  
t h e  1973 launch  oppor tun i ty .  The s p e c i f i c  miss ion  modes cons id -  
e red  i n  t h i s  s tudy  have covered a w i d e  range of p o s s i b i l i t i e s  t h a t  
can  reasonably  be e x t r a p o l a t e d  t o  a des igna ted  miss ion .  S u f f i c i e n t  
miss ion  and d e s i g n  d e t a i l  has  been genera ted  ( see  v o l .  I1 and 111 
o f  t h i s  r e p o r t )  t o  i n d i c a t e  t h e  t e c h n i c a l  f e a s i b i l i t y  of such a 
miss ion .  
The buoyant concept  i s  a n t i c i p a t e d  t o  be h igh ly  a t t r a c t i v e  t o  
t h e  s c i e n t i f i c  community a s  an ins t rument  p l a t fo rm from which 
probes may be dropped t o  t h e  su r face .  A major p a r t  of t h i s  appea l  
may l i e  i n  t h e  a d a p t a b i l i t y  of t h e  p l a t fo rm t o  accommodate a v a r i -  
e t y  o f  exper iments ,  minimizing t h e  requi rements  f o r  dense packag- 
i n g ,  and thermal  c o n t r o l ,  t h u s  p o t e n t i a l l y  reducing  t h e  l ead  t ime 
r e q u i r e d  f o r  i n s t r u m e n t a t i o n  development. 
The major areas r e q u i r i n g  - development -. are -- t h e  h e a t  s h i e l d ,  s c i e n c e  
i n s t r u m e n t a t i o n ,  and ba l loon .  The heat s h i e l d  requi rements  are not 
unique t o  t h e  BVS, b u t  app ly  t o  any e n t r y  mission.  It appears  t h a t  
t h e s e  r equ i r emen t s  can  be m e t  by  a n  o r d e r l y  eng inee r ing  development 
program. The b a l l o o n  requi rements  are not severe s i n c e  i t  i s  des igned  
f o r  a low v e l o c i t y  deployment i n  a moderate environment. 
e a r l y  a t ten t ion  t o  system development i s  cons ide red  necessary .  
However, 
Mar t in  M a r i e t t a  Corpora t ion  
Denver, Colorado,  January  8, 1969 
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The Buoyant Venus S t a t i o n  (BVS) t e s t  program i s  designed t o  
p r o v i d e  p o s i t i v e  confidence i n  mis s ion  s u c c e s s  by e s t a b l i s h i n g  
t h a t  a l l  f u n c t i o n s  are  s u c c e s s f u l  i n  a s imula t ed  mis s ion  environ-  
ment, by demonstrat ing compliance w i t h  s p e c i f i c a t i o n s ,  and by 
i d e n t i f y i n g  d e s i g n  problems e a r l y .  
T e s t i n g  s t a r t s  a t  t h e  lowest  assembly l e v e l ,  and i n t e r a c t i o n  
e f f e c t s  o f  each  subsequent  assembly o p e r a t i o n  a r e  e v a l u a t e d  from 
p i e c e - p a r t s  through subsystems t o  t h e  complete system and r e -  
l a t e d  o p e r a t i o n a l  suppor t  equipment (OSE) .  
The t e s t  program requ i r emen t s  r e s u l t  from a n a l y s i s  o f  t h e  
i n t e r r e l a t i o n  o f  t he  BVS subsystems w i t h  f u n c t i o n a l  and opera-  
t i o n a l  r equ i r emen t s  o f  b o t h  prelaunch o p e r a t i o n s  and t h e  i n -  
f l i g h t  mi s s ion .  
V e r i f i c a t i o n  o f  each o f  t h e s e  r equ i r emen t s  i s  accomplished 
du r ing  one o r  more o f  t h e  planned t e s t s .  Development t e s t i n g  
o b t a i n s  b a s i c  performance d a t a  and i d e n t i f i e s  problem areas;  
q u a l i f i c a t i o n  t e s t i n g  demonstrates  d e s i g n  m a t u r i t y  by p rov id ing  
performance margins;  and f l i g h t  accep tance  t e s t i n g ,  i n c l u d i n g  
launch s i t e  o p e r a t i o n s ,  v e r i f i e s  cont inued product  i n t e g r i t y ,  
demonstrates  f l i g h t  r e a d i n e s s ,  and p rov ides  a d d i t i o n a l  confidence 
d a t a .  
T e s t  Program Summary 
F igure  A 1  p rov ides  a n  overview o f  t he  i n t e g r a t e d  development 
and q u a l i f i c a t i o n  t e s t  phases  f o r  t h e  BVS c a p s u l e .  
The f i r s t  phase o f  t h i s  program c o n s i s t s  of t h e  suppor t ing  
r e s e a r c h  and technology (SRT) development and i n v e s t i g a t i v e  e f -  
f o r t  concerned w i t h :  
1) Development o f  t h e  s c i e n c e  i n s t r u m e n t s ;  
2 )  I n v e s t i g a t i o n  and development o f  a h e a t  s h i e l d  de- 
3 )  Development o f  a complete f l o t a t i o n  system c o n s i s t -  
s i g n ;  
i n g  o f  b a l l o o n  and i n f l a t i o n  subsystems. 

















I n i t i a l  hardware development i n v o l v e s  breadboarding and t e s t -  
i n g  c i r c u i t s ,  b ra s sboa rd ing  mechanical  e lements ,  and t e s t i n g  po- 
t e n t i a l  packaging concep t s .  S c a l e  model a e r o s h e l l s  w i l l  be t e s t e d  
i n  t h e  wind t u n n e l  t o  evolve the r e q u i r e d  c o n f i g u r a t i o n .  F i g u r e  
A 2  shows t h e  a e r o s h e l l  development t e s t  program. T h i s  conf igu ra -  
t i o n  w i l l  be assembled i n t o  a f u l l - s c a l e  model u s i n g  m a t e r i a l s  
evolved from p r e l i m i n a r y  m a t e r i a l s  q u a l i f i c a t i o n  t e s t s .  S t r e s s  
and load  t e s t s  w i l l  be performed on t h i s  model t o  v e r i f y  t h e  math 
model d e s i g n .  A similar sequence o f  t e s t s  w i l l  be performed on 
t h e  BVS s t r u c t u r e  ( f i g .  A3). P ropu l s ion  subsystem t e s t i n g  w i l l  
be performed t o  v e r i f y  vacuum s t a r t  a b i l i t y  i n  a d d i t i o n  t o  normal 
environmental  t e s t s  as shown i n  f i g u r e  A 4 .  The a e r o d e c e l e r a t o r  
development t e s t s  as  shown i n  f i g u r e  A 5  will be performed t o  s i m -  
u l a t e ,  a s  n e a r l y  a s  p o s s i b l e ,  a c t u a l  deployment l o a d s  a f t e r  having 
been s u b j e c t e d  t o  normal packing and environmental  t e s t s .  
F u l l - s c a l e  s t r u c t u r a l  e lements  w i l l  be assembled i n t o  t h e  
thermal  c o n t r o l  t e s t  model (TCTM). T h i s  model w i l l  be  s u b j e c t e d  
t o  b o t h  thermal  vacuum and s imula t ed  h e a t - s t e r i l i z a t i o n  t e s t s  t o  
e v a l u a t e  t h e  the rma l  c o n t r o l s  and t o  evolve a r e q u i s i t e  h e a t -  
s t e r i l i z a t i o n  c y c l e  ( f i g .  A6). 
A t  t h e  c o n c l u s i o n  of t h e s e  t e s t s ,  t h e  p r o t o t y p e  equipment and 
s t r u c t u r e s  w i l l  be modif ied as  necessa ry  and assembled i n t o  the 
e n g i n e e r i n g  t e s t  model. T h i s  f u l l - s c a l e  f u n c t i o n a l  model o f  t h e  
BVS system w i l l  be t e s t e d  t o  evaluate subsystem i n t e r f a c e s  and 
system performance ( f i g .  A7). 
Formal e n g i n e e r i n g  r e l e a s e  w i l l  i n i t i a t e  t h e  q u a l i f i c a t i o n  
phase .  These t e s t s  w i l l  demonstrate  t h e  a b i l i t y  o f  t h e  equipment 
t o  f u n c t i o n  a c c o r d i n g  t o  s p e c i f i c a t i o n  d u r i n g  and a f t e r  exposure 
t o  a l l  mis s ion  environments and o p e r a t i o n s  (see f i g .  A 8 ) .  
The f l o t a t i o n  system i s  s u b j e c t e d  t o  a n  environment s i m u l a t i n g  
t h e  Venus atmosphere by deployment t e s t s  from a n  a i r c r a f t .  
OSE development and t e s t  w i l l  p a r a l l e l  t h a t  o f  t h e  f l i g h t  
c a p s u l e  system. The system t e s t  complex w i l l  be i n t e g r a t e d  w i t h  
f l i g h t  c a p s u l e  system a t  a p p r o p r i a t e  p o i n t s ,  which w i l l  v e r i f y  
t h e  i n t e r a c t i o n s  of t h i s  equipment.  
F i g u r e  A 9  shows the f l i g h t  accep tance  t e s t  o p e r a t i o n s  performed 
a t  c o n t r a c t o r ' s  f a c i l i t i e s  b e f o r e  shipment o f  the BVSIentry v e h i c l e  
t o  KSC. These t e s t s  are performed t o  v e r i f y  t h a t  each  i t e m  a c -  
cepted i s  i d e n t i c a l  i n  a l l  r e s p e c t s  t o  t h e  q u a l i f i e d  c o n f i g u r a t i o n .  
A l l  o f  t h e  exposures  w i l l  be o f  s u f f i c i e n t  f u n c t i o n a l  o r  env i ron -  
mental  s e v e r i t y  t o  p e r m i t  p o t e n t i a l  f a i l u r e s  t o  be  sc reened  o u t  
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F i g u r e  A9 a l s o  shows t h e  t e s t  and checkout o p e r a t i o n s  per-  
formed a t  KSC t o  v e r i f y  t h a t  t h e  c a p s u l e ,  a s  i t  moves through 
space system assembly, i s  p h y s i c a l l y  and f u n c t i o n a l l y  capab le  o f  
performing i t s  m i s s i o n .  Included a r e  combined system t e s t s  w i t h  
the  s p a c e c r a f t  and s p e c i f i e d  p l a n e t a r y  q u a r a n t i n e  o p e r a t i o n s .  
Examples  o f  t h e  l a t t e r  a re  c o n t r o l l e d  a c c e s s  c l e a n  area c a n i s t e r -  
o f f  a c t i v i t i e s ,  decontaminat ion,  and t e r m i n a l  s t e r i l i z a t i o n .  Sub- 
system t e s t  a c t i v i t i e s  range from t h e  development o f  breadboard 
c i r c u i t s  through d e t a i l e d  q u a l i f i c a t i o n  t o  f l i g h t  accep tance  t e s t -  
i n g .  
The assembly l e v e l  a t  which subsystems a r e  t e s t e d  i s  con- 
s t r a i n e d  by t h e  packaging method used.  I n t e g r a l l y  packaged sub- 
systems a re  t r e a t e d  a s  e n t i t i e s  wh i l e  d i s p e r s e d  subsystems a re  
t e s t e d  a t  component o r  subassembly l e v e l s .  
The purpose of subsystem development t e s t i n g  i s  t o  i d e n t i f y  
and r e s o l v e  a s  e a r l y  a s  p o s s i b l e  a l l  p o t e n t i a l  d e s i g n  problems. 
T h i s  i s  accomplished through the  a p p l i c a t i o n  o f  a broad s p e c t r a  
of nominal environmental  and f u n c t i o n a l  t e s t s  t h a t  determine 
wors t - case  c o n d i t i o n s  o f  environmental  l e v e l  and d u r a t i o n ,  s e -  
quence, and o p e r a t i v e  s t a t e .  
A t  t h e  conc lus ion  of subsystem development, eng inee r ing  draw- 
i n g s  a r e  f o r m a l l y  r e l e a s e d ,  and t h e  f a b r i c a t i o n  of f l i g h t  subsys-  
tems i n i t i a t e d .  F i r s t  f l i g h t - a r t i c l e  components a r e  a l l o c a t e d  t o  
q u a l i f i c a t i o n  t h a t  f o r m a l l y  demons t r a t e s  t h a t  t h e  f i n a l  d e s i g n  
c o n f i g u r a t i o n  can perform i t s  r e q u i r e d  f u n c t i o n s  under s imula t ed  
mis s ion  c o n d i t i o n s .  
System l e v e l  t e s t s  a r e  conducted d u r i n g  development, q u a l i f i -  
c a t i o n ,  f l i g h t  accep tance ,  and launch o p e r a t i o n s .  During develop- 
ment and q u a l i f i c a t i o n ,  f u l l - s c a l e  models a r e  used.  These i n c l u d e  
t h e  fo l lowing :  
1) S o f t  mockup - T h i s  mockup, based on  i n i t i a l  eng inee r -  
i n g  l a y o u t s ,  i s  used t o  r e f i n e  component and subsys-  
t e m  c o n f i g u r a t i o n s  and l o c a t i o n s  and t o  develop pip-  
i n g  and c a b l e  s i z e s  and r o u t i n g ;  
2)  Engineer ing t e s t  model ( E m )  - T h i s  i s  a f u l l y  func- 
t i o n a l  model assembled w i t h  o p e r a t i o n a l  p r o t o t y p e  
hardware.  It i s  mated t o  t h e  p r o t o t y p e  system t e s t  
complex (STC) t o  provide f o r  a f u n c t i o n a l  e v a l u a t i o n  
o f  t h e  complete c a p s u l e  d e s i g n ;  
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3)  Proof tes t  model (PTM) - T h i s  i s  t h e  i n i t i a l  c a p s u l e  
b u i l t  t o  release eng inee r ing .  It i s  used t o  f o r m a l l y  
q u a l i f y  t h e  BVSIentry v e h i c l e  system. 
The f i n a l  s t e p  i n  c a p s u l e  development i s  t o  e v a l u a t e  t h e  t o t a l  
system. T h i s  i s  done i n  two phases .  The f i r s t  i n v o l v e s  the f i n a l  
v e r i f i c a t i o n  o f  t h e  p h y s i c a l  c o n f i g u r a t i o n ,  w i t h  pr imary concern 
d i r e c t e d  a t  packaging, r o u t i n g ,  f i t t i n g ,  and o t h e r  p h y s i c a l  i n t e r -  
f a c e s ;  t h e  second i n v o l v e s  complete f u n c t i o n a l  t e s t s  o f  a l l  i n t e r -  
connected subsystems and t h e  o p e r a t i o n  of t h e  t o t a l  system. Pig-  
u r e  A9 shows how t h e s e  o p e r a t i o n s ,  i n c l u d i n g  prelaunch,  a r e  com- 
bined i n t o  a n  i n t e g r a t e d  t e s t  program. 
Launch s i t e  o p e r a t i o n s  a r e  a c o n t i n u a t i o n  of t hose  accep tance  
t e s t  a c t i v i t i e s  i n i t i a t e d  d u r i n g  capsu le  assembly and tes t  a t  t h e  
c o n t r a c t o r  f a c i l i t y .  These o p e r a t i o n s  are  p r i m a r i l y  concerned w i t h  
t h e  p r e p a r a t i o n s  and t e s t s  necessa ry  t o  a s s u r e  t h a t  t h e  c a p s u l e  i s  
i n  a launch-ready s t a t e .  The flow a t  t h e  bottom o f  f i g u r e  A9 i n -  
d i c a t e s  t h e  s e q u e n t i a l  f low o f  launch s i t e  o p e r a t i o n s  f o r  a typ-  
i c a l  capsu le .  
Program Schedule and Model Requirements 
Schedule r equ i r emen t s ,  BVS 1973. - The o v e r a l l  schedule  neces- 
s a r y  t o  accomplish t h e  BVS 1973 o r b i t a l  mi s s ion  up  t o  and i n c l u d -  
i n g  KSC o p e r a t i o n s  i s  shown i n  f i g u r e  A 1 0 .  There are  f o u r  d i s -  
t i n c t  phases  o f  t e s t i n g  r e q u i r e d :  
1) SRT - To a l l o w  those  subsystems r e q u i r i n g  technology 
development t o  be i n i t i a t e d  w e l l  ahead of normal pro- 
gram subsystems; 
Development - The normal flow of  t e s t s  from t h e  i n i -  
t i a l  c i r c u i t  and mechanical d e s i g n  o f  components up 
t o  and i n c l u d i n g  system t e s t s ;  
Q u a l i f i c a t i o n  - The normal flow o f  t e s t s  from compo- 
nent  q u a l i f i c a t i o n  through system q u a l i f i c a t i o n .  Also 
i n c l u d e s  a t e s t  o f  e n t r y l f l o t a t i o n  subsystems; 
4 )  F l i g h t  acceptance.  and launch o p e r a t i o n s  - I n c l u d e s  a l l  




A summary o f  model requirements  and usage i s  shown i n  tab le  
A I .  
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